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Description 

BACKGROUND OF THE INVENTION: 

5 i. Field of the Invention 

The present invention relates to an apparatus for controlling steering of wheels of a vehicle and, more 
particularly, to an apparatus for controlling steering of wheels of a vehicle in which a high correction capabi- 
lity of variables representing vehicle behaviors is provided against disturbance such as side and gusty 
10 winds, and high response for changes in vehicle behaviors in response to a steering input such as rapid 
steering or vehicle turning with a large radius. 

II. Description of the Prior Art 

15 Traveling performance and steering stability of a vehicle primarily depend on a yaw rate (i.e., angular 
velocity generated around the center of gravity when the vehicle is viewed from the top) of the vehicle res- 
ponding to a steering input, i.e., a steering wheel operation, or a lateral acceleration (i.e., an acceleration 
acting on the center of gravity of the vehicle In a direction perpendicular to the vehicle traveling direction, 
Le., an acceleration parallel to the traveling direction of the vehicle). 

20 It is an ideal to guarantee safety for causing the vehicle to travel straight according to the will of a driver 
without being influenced by disturbance such as a side wind or a road surface friction coefficient when the 
vehicle is to quickly respond to the steering input or is to be driven straight. 

In order to provide both dynamic characteristics and stability described above, Japanese Laid-Open 
Patent Publication 60-161266 corresponding to EP-A- 0 150 857 describes an apparatus obtained by com- 

25 bining feed forward control and feedback control. In this apparatus, the following two methods are used. 
The first method is to control traveling performance and stability by a value obtained such that a differential 
value of a difference obtained by subtracting a coefficient multiple of a yaw rate or a lateral acceleration 
from a steering wheel angle Is added to the difference, as shown in Fig. 2. The second method is practiced 
as follows, as shown in Fig. 3. A value is obtained by multiplying a coefficient with a differential value of a 

30 steering wheel angle and is added to the steering angle to obtain a sum. The sum is used as a feed forward 
signal for auxiliary steering of the rear wheels, and the vehicle behaviors are used as a negative feedback 
signal for auxiliary steering of the front wheels. The drawback of feedback control is canceled with that of 
feedback control. 

In the auxiliary steering apparatus described above, when a driver rapidly turns the steering wheel in 

35 order to detour an obstacle, auxiliary variables representing vehicle behaviors are rapidly increased by a 
control value influenced by the differential value, and the vehicle is rapidly turned. Heavy mental load 
imposed on the driver Is caused by rapid vehicle turning. In the worst case, the driver excessively turns the 
steering wheel, the vehicle loses stability, and a traffic accident may occur. When the vehicle travels along 
a curved road having a relatively large radius (e.g., a highway), the differential value is rarely influenced on 

40 the vehicle behaviors. The feed forward signal is decreased, and understeering in the vehicle is caused as 
a whole. As a result, traveling performance of the vehicle is degraded. When an external force acts on the 
vehicle due to a side wind, ruts, or steps, the driver tends to turn the steering wheel with a guess so as to 
respond to accidental disturbances. Such steering increases the differential value, and oversteering may 
be caused to lead to unexpected vehicle behaviors. 

45 The above disadvantage of the conventional auxiliary steering apparatus is caused by feed forward con- 
trol using a steering wheel angle and a value obtained by multiplying a differential value of the steering wheel 
angle with a coefficient. The influence of the differential value is increased as compared with the normal 
steering apparatus, and desired control cannot be performed. When the coefficient multiplied with the dif- 
ferential value is decreased, a total gain is reduced and the control system in the vehicle Is substantially 

so the same as that of feedback control. Optimal control cannot be performed by the above-mentioned auxiliary 
steering apparatus. 

In the auxiliary steering apparatus shown in Fig. 3, independent control operations are performed for 
the front and rear wheels. Behaviors of the front and rear wheels are independently performed and the 
required control apparatus is complicated, thus increasing the overall weight and the like of the vehicle and 
55 hence failing to obtain the desired control effect. 
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SUMMARY OF THE INVENTION: 

It is an object of the present Invention to achieve optimal steering wherein a steering system is controlled 
to provide a high behavior correction capacity for a side wind or disturbance and to shorten the respons 

5 time for vehicle behavior changes responding to a steering input 

It is another object of the present invention to cause a steering control system having a high behavior 
correction capacity for a side wind or disturbance and a short response time for vehicle behavior changes 
responding to a steering input to perform optimal steering corresponding to changes in inside and outside 
environmental situations associated with the vehicle. 

10 The disadvantage of the prior art is based on simple use of two values, Le., the steering wheel angle 
and the value obtained by multiplying the coefficient with the differential value of the steering wheel angle 
in feed forward control. In order to eliminate this disadvantage, the present inventors also took values as 
coefficient multiples of the steering wheel angle into consideration in addition to the above-mentioned two 
values in feed forward control. The present inventors found that a combination of feed forward control and 

15 feedback control provided better traveling performance and stability. 

When the driver rapidly turns the steering wheel, rapid changes in vehicle behaviors are restricted by 
values of coefficient multiples of the steering wheel angle in addition to use of the differential value of the 
steering wheel angle in order to prevent a rapid change in vehicle traveling direction. The metal load imposed 
on the driver can be reduced and hence the vehicle can be safely driven. The vehicle wheels are quickly 

20 responded at only the initial period upon turning of the steering wheel. 

Understeering of the vehicle can be reduced by the values of coefficient multiples of the steering wheel 
angle when the vehicle is turning with a large radius. Stability in feed forward control can be assured without 
degrading dynamic characteristics of the vehicle. Auxiliary vehicle steering having high resistance to dis- 
turbance and a short response time can be achieved. 

25 When the driver turns the steering wheel with a guess against an external force such as a side or gusty 
wind blown against the vehicle, the influence of the differential value can be suppressed by the coefficient 
multiple of the steering wheel angle. As a result, stable traveling can be achieved. 

In the prior art described above, response to the changes in a friction value (n) between the road surface 
and the vehicle wheels is insufficient. The present inventors paid attention to realization of optimal steering 

30 corresponding to changes in inside and outside environmental situations associated with the vehicle by 
changing coefficients (gains) of coefficient circuits in feedback and/or feed forward control system in accord- 
ance with a change in friction value \i between the road surface and the vehicle wheels and by determining 
coefficients of the coefficient circuits on the basis of friction value \i estimated by the vehicle travel state 
variables with the vehicle travel behaviors. 

35 Even if the vehicle wheels do not slip on the road, the steering control system can be operated to sup- 
press changes in vehicle behaviors. For example, magnitudes of signals for state variables representing 
vehicle behaviors are compared with respect to the steering angles in the rough and smooth road surfaces. 
Friction values p, are estimated by the above comparison operations, and the gains of the yaw rate feedback 
system are controlled using the estimated friction values. The changes in vehicle behaviors such as the 

40 yaw rate can be therefore decreased. In addition, by detecting road surface conditions, even if a large noise 
component tends to be mixed in state variables as in a rough road or when operation failure of sensors 
occurs, the gains of the coefficient circuits In the feedback and/or feed forward control system are reduced 
to eliminate the influences of the above-mentioned problems. 

As shown in Fig. 1 , an apparatus for controlling steering of wheels of a vehicle, or controlling variables 

45 representing vehicle behaviors comprises : a steering sensor I for detecting a steering angle of a steering 
wheel ; vehicle behavior sensor II for detecting the variables representing vehicle behaviors ; a control 
means III comprising a feed forward signal operating means a feedback signal operating means III 2l 
and a control signal operating means III 3 , the feed forward signal operating means lilt being provided with 
a steering angle signal circuit llln for outputting a steering angle signal outputfrom the steering sensor with- 

so out processing, a steering angle signal operating circuit III 13 , a steering angular velocity signal operating 
circuit lll 16 , an adder lll 17 for adding signals outputfrom the steering angle signal circuit lll 11v the steering 
angle signal operating circuit III 13 , and the steering angular velocity signal operating circuit lll 16 , and the 
steering angle signal operating circuit lll 13 b ing further provided with a first coefficient circuit lll 12 for mul- 
tiplying the steering angle signal with a coefficient Q 1f and the steering angular velocity signal operating 

65 circuit 1!I 1Q being further provided with a differentiator lll u for calculating the steering angular velocity signal 
from the steering angle signal and a second coefficient circuit lll 16 for multiplying the steering angular 
velocity signal with a coefficient G 2t the feedback signal operating means lll 2 being provided with a vehicle 
behavior state variable signal operating circuit 111^ having a third coefficient circuit III 2 i for multiplying the 
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signals for variables representing the vehicle behaviors, which are output from the vehicle behavior sensor, 
with a coefficient G 3 and being adapted to generate a signal output from the vehicle behavior state variable 
signal operating circuit KII22 as a feedback control signal, the control signal operating means Iil 3 being pro- 
vided with an adder/subtracter ll! 31 for performing an addition or a subtraction of signals output from the 

5 feed forward signal operating means Ill n and th feedback signal operating means lll 2 to produce a steering 
control signal ; a driving means IV for amplifying a power of the steering control signal as an output from 
the control means III, and an actuator means V for so controlling as to provide an optimal steering angle to 
front wheels or rear wheels on the basis of an amplified output from the driving means IV. 

The above-mentioned apparatus for controlling steering of wheels of a vehicle has the following func- 

10 tions and effects. In the steering sensor I, the steering angle of the steering wheel is converted into an elec- 
trical signal corresponding to the steering angle. In the vehicle behavior sensor II, the variables representing 
the vehicle behaviors are converted into electrical signals and the like corresponding to the variables rep- 
resenting the vehicle behaviors. In order to optimize the vehicle behaviors responding to the steering angle, 
the electrical signals output from the steering sensor I and the vehicle behavior sensor II are processed in 

15 the control means III. In the control means 111, vehicle controllability for steering is improved by generating 
a signal representing a control steering angle exceeding the measured steering angle. This signal is gen- 
erated by the feed forward signal operating means lll 1a The feed forward signal operating means lilt com- 
prises the steering angular velocity signal operating circuit lll 16 provided with the differentiator lll 14 and the 
second coefficient circuit lli 16 to differentially increase or decrease the steering angle, the steering angle 

20 operating circuit III 13 provided with the first coefficient circuit lll 12 to correct the magnitude (coefficient Gj) 
of the measured steering angle, and the steering angle signal circuit Illn for supplying the steering angle 
to the control means without processing. When the variables representing the vehicle behaviors are rapidly 
changed, these changes are suppressed by the feedback signal operating means lll 2 . The feedback signal 
operating means III 2 comprises the vehicle behavior signal operating circuit III22 provided with the third coef- 

25 ficient circuit III 21 for multiplying the coefficient G 3 for determining the feedback amount with the signal from 
the vehicle behavior sensor II for detecting the variables representing the vehicle behaviors. Therefore, 
stability of the vehicle can be improved. 

A steering angle 5 of the steering wheel is converted into a feed forward signal having a value of S+G, 
- 6+G 2 • 5 by the feed forward signal operating means lll 1a The feed forward signal and the signal generated 

30 by the feedback signal operating means are subjected to an addition or subtraction in the control signal 
operating means lll 3l thereby generating the steering control signal. 

The driving means IV amplifies the steering control signal into an actuator drive signal for driving the 
actuator. The actuator drive signal is used to drive the actuator in the actuator means V so as to apply an 
optimal steering angle to at least one of the front and rear wheels. 

35 In the conventional technique, the feed forward signal is obtained by multiplying the differential value 
of the steering wheel angle with the coefficient G 2 . When the driver abruptly turns the steering wheel, the 
steering wheel angle 6 and a differential value 6 of the steering wheel angle are output The vehicle Is rapidly 
turned to cause an unexpected behavior. The driver must turn the steering wheel in a complicated manner. 
For this reason, according to the present invention, the influence of the differential value 8 is canceled by 

40 a value of a coefficient multiple of the steering wheel angle 5, thereby assuring steering stability. 

By using the apparatus for controlling steering of wheels of a vehicle, as described above, the value of 
the multiple of the steering wheel angle coefficient can be subtracted In addition to an addition of the diffe- 
rential value of the steering wheel angle so as to prevent abrupt turning of the vehicle when the driver 
abruptly turns the steering wheel. Abrupt behaviors of the vehicle can be suppressed. As a result, the mental 

45 load on the driver can be reduced, and safety driving can be assured. In addition, the apparatus can be 
quickly operated in only the initial period of abrupt turning. 

As for vehicle turning with a large radius, the value of a coefficient multiple of the steering wheel angle 
can be added. Understeering of the vehicle can be reduced and safety can be assured underfeed forward 
control without degrading the dynamic characteristics of the vehicle. Therefore, auxiliary steering of the ve- 

50 hide which is substantially free from disturbance and highly responsive can be performed. 

When the driver turns the steering wheel with a guess against an accidental disturbance after an exter- 
nal force acts on the vehicle, the value of the coefficient multiple of the steering wheel angle is subtracted 
to reduce the influence of the differential value, thereby assuring a safe behavior of the vehicle. 

55 BRIEF DESCRIPTION OF THE DRAWINGS: 

Fig. 1 is a schematic block diagram showing the principle of the present invention ; 

Figs. 2 and 3 are schematic block diagrams showing the conv ntional steering control techniques ; 
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Fig. 4 Is a schematic block diagram of an apparatus for controlling st ering of wh els of a vehicle accord- 
ing to a first mode of the present invention ; 

Fig. 5 is a schematic block diagram of an apparatus for controlling steering of wheels of a vehicle accord- 
ing to a second mode of the present invention ; 
s Fig. 6 Is a schematic block diagram of an apparatus for controlling steering of wheels of a vehicle accord- 
ing to a third mode of the present invention ; 

Fig. 7 is a schematic block diagram of an apparatus for controlling steering of wheels of a vehicle accord- 
ing to a fourth mode of the present invention ; 

Fig. 8 is a schematic block diagram of an apparatus for controlling steering of wheels of a vehicle accord- 
10 ing to a fifth mode of the present invention ; 

Fig. 9 is a schematic block diagram of an apparatus for controlling steering of wheels of a vehicle accord- 
ing to a sixth mode of the present invention ; 

Fig. 10 is a schematic block diagram of an apparatus for controlling steering of wheels of a vehicle 
according to a seventh mode of the present invention ; 
15 Fig. 1 1 is a schematic block diagram of an apparatus for controlling steering of wheels of a vehicle 
according to an eighth mode of the present invention ; 

Fig. 12 is a schematic block diagram of an apparatus for controlling steering of wheels of a vehicle 
according to a ninth mode of the present invention ; 

Fig. 13 is a schematic block diagram of an apparatus for controlling steering of wheels of a vehicle 
20 according to a tenth mode of the present invention ; 

Fig. 14 is a schematic block diagram of an apparatus for controlling steering of wheels of a vehicle 
according to an eleventh mode of the present Invention ; 

Fig. 15 is a schematic block diagram of an apparatus for controlling steering of wheels of a vehicle 
according to a twelfth mode of the present invention ; 
25 Fig. 16 is a schematic block diagram of an apparatus for controlling steering of wheels of a vehicle 
according to a thirteenth mode of the present invention ; 

Fig. 17 is a schematic block diagram of an apparatus for controlling steering of wheels of a vehicle 
according to a fourteenth mode of the present Invention ; 

Fig. 18 is a graph for explaining the principle of estimating ji according to the present invention ; 

30 Figs. 1 9 to 21 show a first embodiment of the present Invention, in which Fig. 1 9 is a diagram showing 
the entire system, Fig. 20(a) to 20(c) are views for explaining the principle of a primary delay filter, and 
Fig. 21 is a flow chart for explaining the operation of a gain changing means ; 
Fig. 22 and 23 show a second embodiment of the present invention, in which Fig. 22 is diagram showing 
the entire system and Fig. 23 is a flow chart for explaining the operation of a gain changing means ; 

35 Fig. 24 is a system diagram showing a modification of the first embodiment of the present invention ; 

Figs. 25 and 26 show a third embodiment of the present invention, in which Fig. 25 is a diagram showing 
the entire system and Fig. 26 is a flow chart for explaining the operation of a gain changing means ; 
Fig. 27 to 34 show a fourth embodiment of the present invention, in which Fig. 27 is a diagram showing 
the entire system, Fig. 28 is a flow chart for explaining the operation of a gain changing means, Fig. 29 

40 is a flow chart showing a routine for selecting coefficients in the gain changing means, Fig. 30 is a graph 
showing correction of the y estimation value and its weighting in Fig. 29, Fig. 31 is a graph showing 
classification for corrected values of Fig. 29, Fig. 32 is a graph showing correction of a slip ratio and 
its weighting in Fig. 29, Fig. 33 is a graph showing classification of vehicle velocitys u 0 in Fig. 29, and 
Fig. 34 is a table showing a map for calculating coefficients in Fig. 29 ; and 

45 Figs. 35 and 36 show afifth embodiment of the present invention, in which Fig. 35 is a diagram showing 
the entire system and Fig. 36 Is a flow chart for explaining the operation of a gain changing means. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS : 

so First Mode 

The first mode of the present invention is shown in the block diagram of Fig. 4. A control means 111 is 
connected to a vehicle state detection sensor IV and a first coefficient circuit III 12 . The vehicle state detection 
s nsor IV detects vehicle travel state variable with the vehicle travel such as a vehicle velocity, a vehicle 
55 load, a wheel load, a vehicle wheel velocity, a vehicle wheel angular vel city, a road surface shap (e.g., 
sprung relativ displacement and velocity), and so on. The control means III comprises a gain changing 
means lil 4 for changing a coefficient of the first coefficient circuit M 12 on the basis of the signals for vehicle 
travel states. 
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* j 

The function and effect of the first mode having the above characteristic feature will be described below. 

A st ering sensor I d tects a steering angle of a steering wheel and generates an electrical signal cor- 
responding to the steering angle. A vehicle behavior sensor II detects a change in variables representing 
a vehicle behavior and generates an electrical signal corresponding to the change. The vehicle detection 
5 sensor VI detects the vehlcl travel state such as a vehicle velocity, a v hide load, a wheel load, and a 
vehicle wheel velocity and generates electrical signals corresponding to these state variables. 

A feed forward signal operating means lilt comprises a steering angle signal circuit llln for outputting 
the steering angle without processing, a steering angle signal operating circuit lll 13 provided with the first 
coefficient circuit III 12 for correcting a magnitude (i.e. v a coefficient G,) of a steering angle for the detected 
w steering angle, and a steering angle velocity signal operating circuit lll 16 provided with a differentiator lll 14 
,for differentiating the steering angle and a second coefficient circuit IH15. In order to optimize the vehicle 
behaviors for the steering angle and the like detected as the electrical signals output from the steering sen- 
sor I and the vehicle behavior sensor II, the feed forward signal operating means lilt in the control means 
III converts the input steering angle 8 into a feed forward signal 8+G t - 8+G 2 • 8 and a steering angle exceed- 
is ing the detected steering wheel angle is applied to shorten response time of the vehicle. 

In a circuit ill 2 for operating variables representing vehicle behaviors, having a third coefficient circuit 
III21 for multiplying a signal from the vehicle behavior sensor II with a coefficient G 3 for determining a feed- 
back value, the vehicle behavior state variable a is converted into a feedback signal G 3 • a. When the vari- 
ables representing the vehicle behaviors are abruptly changed, the feedback signal is used to suppress the 
20 abrupt change, thereby stabilizing traveling of the vehicle. 

A difference between the feed forward signal generated by the feed forward signal operating means 
and the feedback signal generated by the feedback signal operating means is calculated by an 
adder/subtractor III31 in the control signal operating means lll 3 to generate a steering control signal. 

The steering control signal is amplified by the driving means IV as an actuator drive signal for driving 
25 the actuator. The actuator drive signal is used to drive the actuator in the actuator means V so as to apply 
an optimal steering angle of either the front or rear wheels or both. 

The gain changing means lll 4 can change the coefficient (to be referred to as a gain G) Gt of the first 
coefficient circuit I II 12 on the basis of the signals for vehicle travel state variable with the vehicle travel, such 
as a vehicle velocity, a vehicle load, a wheel load, and a vehicle wheel velocity, output from the vehicle state 
30 detection sensor VI. 

With the above arrangement, the gain Gi of the first coefficient circuit III 12 can be changed in accordance 
with the vehicle states such as a vehicle velocity, a vehicle load, a wheel load, and a vehicle wheel velocity. 
Even if the vehicle velocity is changed, the controllability for the behaviors for steering of the vehicle can 
be kept constant. Therefore, vehicle controllability and vehicle stability can be improved. 

35 

Second Mode 

The second mode of the present invention is shown in the block diagram of Fig. 5. 

A control means III is connected to a vehicle state detection sensor VI for detecting vehicle travel state 
40 variable with the vehicle travel, representing the vehicle, such as a vehicle velocity and a vehicle load and/or 
an outside environmental situation detection sensor VII for detecting an outside environmental situation 
such as a road surface condition and a first coefficient circuit KII 12 . The control means III comprises a gain 
changing means lll 4 for changing a coefficient G1 of the first coefficient circuit lll 12 on the basis of signals 
for vehicle travel state variable with the vehicle travel and output from the vehicle state detection sensor VI 
45 and/or signals for state variables representing outside environmental situations and output from the outside 
environmental situation detection sensor VII. 

The function and effect of the second mode having the above characteristic feature will be described 
below. 

A steering sensor I converts a steering angle of a steering wheel into an electrical signal. A vehicle 
so behavior sensor II converts a vehicle be havior state variable into an electrical signal. These electrical signals 
from the steering sensor I and the vehicle behavior sensor II are processed in the control means III so as 
to optimize the vehicle behaviors for the steering angle. More specifically, a feed forward signal operating 
means lilt converts a steering wheel angle 6 into a feed forward signal 5+Gt ■ 5+G 2 - 6. The feed forward 
signal generating means comprises a steering angular velocity signal operating circuit III 16 provided with a 
55 differentiator lll 14 for differentiating the steering angle and a second coefficient circuit lll 16 , a steering angle 
signal operating means lll 13 provided with the first coefficient circuit III 12 for correcting a steering angle mag- 
nitude of th d tected steering angle, and a steering angl signal circuit lll 14 for transmitting the steering 
angle without processing to the control means. 
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In a circuit 1 1 1^ for operating signals for variables representing vehicle behaviors, having a third coeffi- 
cient circuit III21 for multiplying a signal from the vehicl behavior sensor II with a coefficient G 3 for deter- 
mining a feedback value, the vehicle behavior state variable a is converted into a feedback signal G 3 • a. 

A difference between the feed forward signal generated by the feed forward signal operating means 
s and the feedback signal generated by the feedback signal operating means is calculated by an 
adder/subtractor !ll 31 in the control signal operating means lll 3 to generate a steering control signal. 

The steering control signal is amplified by the driving means IV as an actuator drive signal for driving 
the actuator. The actuator drive signal is used to drive the actuator in the actuator means V so as to apply 
an optimal steering angle of either the front or rear wheels or both. 
10 The gain changing means lll 4 can change the coefficient (gain) of the first coefficient circuit M 12 on 
the basis of the signals for vehicle travel state variables with the vehicle travel, such as a vehicle velocity, 
a vehicle load, a wheel load, and a vehicle wheel velocity and/or the signals for state variables representing 
outside environmental situations such as a road surface condition. When the gain changing means ill* 
changes the gain G, on the basis of the vehicle velocity, the vehicle load, and the road surface condition, 
15 all of which are represented by the electrical signals corresponding thereto and outputfrom the vehicle state 
detection sensor VI and the outside environmental situation detection sensor VII, the response character- 
istics of the vehicle behaviors for steering can be kept constant event if the vehicle velocity is changed, 
thereby further improving vehicle controllability and vehicle stability. 

20 Third Mode 

The third mode of the present invention is shown in the block diagram of Fig. 6. In the arrangement of 
the second mode, the gain changing means lll 4 is connected to the first coefficient circuit lll 12 and the second 
coefficient circuit lll 15 . The coefficients in the first and second coefficient circuits Jll 12 and III 16 are changed 
25 on the basis of the signals for vehicle travel state variables with the vehicle travel and outputfrom the vehicle 
state detection sensor and/or the signals for state variables representing outside environmental situations 
and outputfrom the outside environmental situation detection sensor. 

The function and the effect of the third mode with the above characteristic feature will be described 
below. 

30 The gain G2 of the second coefficient circuit lli 16 included in the feed forward signal operating means 
III, is increased when the gain Gj of the first coefficient circuit I1l 12 is large. However, when the gain Gj of 
the first coefficient circuit lll 12 is small, the gain G 2 is decreased accordingly. 

With the above arrangement, the following effect is obtained when the differential value of the steering 
angle is small as in the case wherein the driver easily changes the lanes in a wide road. 

35 In addition to an increase in gain Gj of the first coefficient circuit III 12 for correcting the magnitude of 
the steering angle signal, the gain G 2 of the second coefficient circuit IU 1S for correcting the magnitude of 
the differential value of the steering angle is increased to reduce understeering so as not to cause degra- 
dation of the vehicle dynamic characteristics, i.e., excessive turning of the steering wheel, on the basis of 
the signals for the vehicle travel state variable with the vehicle travel and outputfrom the vehicle state detec- 

40 tion sensor VI and/or the sig nals for state variables representing outside environmental situations and output 
from the outside environmental situation detection sensor VII. 

When the gains G 1 and G 2 of the first and second coefficient circuits III 12 and Hi 15 are kept small for the 
leading edges of the steep steering angle signal curve and the steep differential value curve of the steering 
angle signal, oversteering of the vehicle can be reduced and stable vehicle behaviors can be assured. A 

45 better control effect than that of the second mode can be obtained. Therefore, better vehicle controllability 
and vehicle stability can be guaranteed. 

Fourth Mode 

50 The fourth mode of the present invention is shown in the block diagram of Fig. 7. In the arrangement 
of the third mode, the gain changing means III* Is connected to the first, second, and third coefficient circuits 
!Ui2> HI15. and lll 21 . The coefficients of the first, second, and third coefficient circuits lll 12f lll 16 , and lll 21 can 
be changed on the basis of the signals for vehicle travel state variables with the vehicle travel and output 
from the vehicle travel state detection sensor and/or the signals for state variables representing outside 

55 environmental situations and output from the outside environmental state detection sensor. 

The function and the effect of the fourth mode having the above characteristic feature will be described 
below. 

The gain G 3 of the third coefficient circuit III 2i inciud d in the feedback signal operating means lll 2 is 



7 



EP 0 278 366 B1 



decreased when the gains G t and G 2 of the first and second coefficient circuits lll 12 and llli 6 included in the 
feed forward signal operating means III, are large, i.e., when the vehicle behavior response to the detected 
steering angle applied by the driver is high. However, when the gains G t and G2 of the first and second 
coefficient circuits and Ul 15 In the feed forward signal operating means IH 1 are small, i.e., when the ve- 
5 hide behavior response to the steering angle applied by the driver is low, the gain G 3 of the third coefficient 
circuit ill 2 i in the feedback signal operating means III 2 is increased. Therefore, a better control effect than 
the third mode of the present invention can be obtained. 

Fifth Mode 

10 

The fourth mode of the present invention is shown in the block diagram of Fig. 8. In the arrangement 
of the fourth mode, the gain changing means IIU is connected to the vehicle state detection sensor VI and/or 
the outside environmental situation detection sensor VII, and the steering sensor I and/orthe steering angu- 
lar velocity signal operating circuit Ill 10 . The coefficients or gains (Gi to G3) of the first to third coefficient 

15 circuits can be changed on the basis of the signals for vehicle travel state variable with the vehicle travel 
and output from the vehicle state detection sensor VI and/or the signals for state variables representing the 
outside environmental situations and output from the outside environmental situation detection sensor VII, 
and the steering angle signal from the steering sensor I and/or the steering angular velocity signal from the 
steering angular velocity signal operating circuit lll 18 . 

20 The function and effect of the fifth mode having the above characteristic feature will be described below. 
The feed forward signal operating means II I n In the control means III calculates the control signal on 
the basis of the steering angle of the steering wheel. The control signal calculated on the basis of the vari- 
ables representing the vehicle behaviors is calculated by the feedback signal operating means III 2 . These 
control signals are processed by the control signal operating means IIi 3 , thereby generating an optimal steer- 

25 ing angle. 

The optimal gains of the first and second coefficient circuits 1 1 12 and ll 15 in the feed forward signal operat- 
ing means !!!< and the third coefficient circuit Kll 21 in the feedback signal operating means III 2 are set by the 
gain changing means lll 4 in the control means 111. 

These gains are preferably not only changed by the vehicle travel state variable with the vehicle travel 

30 such as a vehicle velocity and a vehicle load and the state variables representing the outside environmental 
situations such as a road surface state, but also changed by the will of the driver. More preferably, the gains 
are automatically changed. 

The present inventors proposed the gain changing means IIU for resetting the gains on the basis of the 
steering wheel angle and the steering velocity, both of which serve as factors for reflecting the driver's will. 

35 The gain changing means III 4 sets small gains Gj and G 2 and a large gain G 3 when the steering wheel 
angle is small. In this case, the gain changing means IIU determines that the driver does not intend to turn 
the steering wheel. However, when the steering wheel angle is increased, the gain changing means lll 4 sets 
large gains G 1 and G 2 and a small G 3 . In this case, the gain changing means lll 4 determines that the driver 
intends to turn the steering wheel. When the steering velocity is high, the gain changing means IIU deter- 

40 mines that the driver wants to abruptly turn the steering wheel. In this case, the gains G 1f G* and G 3 are 
set in the same manner as in the above case wherein the steering wheel angle is large. 

When the control means III comprises the above gain changing means IIU. the magnitude of the feed 
forward signal output from the feed forward signal operating means IIU is kept small at a small steering wheel 
angle. In this case, the magnitude of the feedback signal output from the feedback signal operating means 

45 lll 2 is increased. Therefore, vehicle stability can be further improved since the steering control signal 
includes the feedback signal as a major component. However, when the steering wheel angle is large and 
a steering wheel angular velocity is high, the magnitude of the feed forward signal output from the feed for- 
ward signal operating means NI1 is increased while the feedback signal output from the feedback signal 
operating means lll 2 Is decreased. The steering control signal has the feed forward signal as a major com- 

50 ponent, and therefore the response time of the vehicle can be further shortened. 

In other words, vehicle stability and vehicle controllability can be improved by the steering wheel angle 
and the steering velocity, and a better control effect can be obtained. 

Sixth Mode 

55 

The sixth mode of the present invention is shown in the block diagram of Fig. 9. In the fourth mode, a 
gain changing means II U is connected to a vehicle state detection sensor VI and/or an outside environmental 
situation detection sensor VII, a steering sensor I and/or a steering angular velocity signal operating circuit 
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III 16f and a vehicle behavior sensor II. Gains (Gi to G 3 ) of first to third coefficient circuits can be changed 
on the basis of the signals for vehicle travel state variable with the vehicle travel and output from the vehicle 
state detection sensor VI and/or the signals for state variables representing the outside environmental situ- 
ations and output from the utside environmental situation detection sensor VII, th steering angle signal 
5 from the steering sensor I and/or the steering angular velocity signal from the steering angular velocity signal 
operating circuit lll 16r and the signals for variables representing vehicle behaviors and output from the ve- 
hicle behavior sensor II. 

The function and effect of the sixth mode having the above characteristic feature will be described 
below. 

w The control signal based on the vehicle travel state variable with the vehicle travel Is calculated by the 
feed forward signal operating means llli in the control means III. The control signal based on the variables 
representing vehicle behaviors is calculated by the feedback signal operating means lll 2 . These control sig- 
nals are processed by the control signal operating means lll 3 , thereby generating an optimal steering control 
signal. 

15 The optimal gains Gi and G 2 of the first and second coefficient circuits III 12 and III 1S in the feed forward 
signal operating means 111, and the optimal gain G 3 of the third coefficient circuit ill 2 i in the feedback signal 
operating means III 2 are set by the gain changing means III* in the control means III. 

When the gains are determined by the steering angular velocity or the vehicle velocity sensor VI, the 
following problem occurs. For example, when the steering sensor 1 for detecting the steering angle or the 
20 vehicle velocity sensor VI for detecting the steering anguiarvelocity is failed, the control means III does not 
have a fail-safe function for such a failure. The resultant steering control angle Is different from an accurate 
control angle, which may endanger the driver. 

The vehicle behaviors which cannot be measured (or estimated) by only the steering angle signal output 
from the steering sensor I and the steering angular velocity signal are input as information for changing the 
25 gains set by the gain changing means lll 4 . More accurate control can be therefore achieved. 

By inputting the vehicle travel state variable with the vehicle travel and the vehicle behaviors to the gain 
changing means lll 4 , the control effect can be greatly improved by a relatively simple mechanism for per- 
forming complicated control. 

30 Seventh Mode 

The seventh mode of the present invention is shown in the block diagram of Fig. 10. In the arrangement 
of the second mode, the gain changing means IIU is connected to : at least one of the vehicle state detection 
sensor VI for detecting the signals for vehicle travel state variable with the vehicle travel such as a vehicle 

35 velocity and a vehicle load and/or the outside environmental situation detection sensor VI I for detecting the 
signals for state variables representing the outside environmental situations such as a road surface state, 
rainfall, and an ambient temperature, and/or the steering sensor I and/or the steering anguiarvelocity signal 
operating circuit lll ie and/or the vehicle behavior sensor II ; and the first coefficient circuit lll 12 , the second 
coefficient circuit lll 16 and/or the third coefficient circuit lll 21 . The gain changing means comprises : a sense- 

40 of-situation determining means l!l 41 for determining a present situation judged by the human senses on the 
basis of a signal of at least one of the vehicle state detection sensor VI and/or the outside environmental 
situation detection sensor VII and/or the steering sensor I and/or the steering angular velocity signal operat- 
ing circuit U! 16 and/or the vehicle behavior sensor II ; a vehicle state determining means III42 for determining 
the required degree of vehicle stability and vehicle controllability on the basis of the determination result 

45 from the sense-of-situation determining means lll 41 ; and a gain deciding means III43 for deciding the gains 
G t to G 3 on the basis of the determination resuitfrom the vehicle state determining means Hl^and outputting 
the optimal gains to the first coefficient circuit lll 12 and/or me second coefficient circuit !!l 16 and/or the third 
coefficient circuit Ufa. 

The function and the effect of the seventh mode having the above characteristic feature will be des- 
50 crlbed below. 

The gain changing means lll 4 receives at least one of the signals for vehicle travel state variable with 
the vehicle travel such as the vehicle velocity and the vehicle load and output from the vehicle state detection 
sensor IV, the signals for state variables representing outside environmental situations such as a road sur- 
face state, rainfall, and an ambient temperature and output from the outside environmental situation detec- 
55 tion sensor VII, the steering angle signal from the steering sensor I, the steering anguiarvelocity signal from 
the steering anguiarvelocity signal operating circuit lll 1B , and the signals for variables representing vehicle 
behaviors and output from the vehicle b havior sensor II. 

The sense-of-situation det rmining means lll 41 determines the current situation, i.e„ th degr e of the 
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vehicle velocity, the degree of the vehicle load, and the degree of the steering angl f on th basis of the 
input signal. 

A necessary measure M for the vehicle response in units of behavior variables with slight ambiguity 
given by the situations determined by the vehicle state determining means UI42 is calculated in accordance 
5 with conditions (1) to (8) given as follows : 

(1) If the vehicle velocity is high, the response time is prolonged. 

(2) If the vehicle load is heavy, the response time is prolonged. 

(3) If the road is slippery, the response time is prolonged. 

(4) If the rainfall is high, the response time is prolonged. 

10 (5) If the ambient temperature is low, the controllability is prolonged. 

(6) If the steering angle is large, the controllability is shortened. 

(7) If the steering angular velocity is high, controllability is shortened. 

(8) If the variables representing vehicle behaviors are large, the response time is prolonged. 

If the detected situation is given according to condition (1), an expression is given such that "if the ve- 
ts hide velocity is relatively high (i.e., a value corresponding to the situation determined by the sense-of-situ- 
ation determining means lll 41 ), the controllability is prolonged accordingly". For example, as shown in Fig. 
10, the measure for the degree of vehicle velocity felt by the human senses is determined by the sense-of- 
situation determining means IH 41 when the actual vehicle velocity is detected by the sensor. The value of 
the degree obtained by the sense-of-situation determining means lIUi is converted Into the necessary meas- 
20 ure M (the necessary measure for response In this case) by the vehicle state determining means lll 42 pro- 
vided with a function operation section III421. 

Gains Gt to G 3 suitable for the current situation are decided by the gain deciding means III43 on the 
basis of the necessary measure M. The corresponding gain is supplied to at least one of the first to third 
coefficient circuits lll 12 , HE 16r and lll 2 i. 
25 By arranging such a gain changing means III4, an accurate control value can be given for any situation 
which can be hardly expressed (I.e., the degree of the vehicle velocity or the degree of steering angle can 
be accurately expressed). Therefore, all situations can be controlled, and a better control effect can be 
obtained. 

30 Eighth Mode 

The eighth mode of the present invention is shown in the block diagram of Fig. 1 1 . In the seventh mode, 
the gain deciding means III43 included in the gain changing means III* includes a memory III44 for calculating 
the gains on the basis of the necessary measure for vehicle stability and vehicle response and storing the 
35 calculated values, and a gain selector III45 for selecting the gain values from the memory III44 on the basis 
of the determination value from the vehicle state determining means IIU 2 . 

The function and effect of the eighth mode having the above characteristic feature will be described 
below. 

The gain deciding means III43 receives the necessary measure for vehicle stability and response output 
40 from the vehicle state determining means III 42 . The memory III44 in the gain deciding means UI43 prestores 
gains G ln to G^ (where n is the number of gains corresponding to the necessary measures) corresponding 
to the calculated necessary measures. The gains G 1n to G&, are gain values for achieving optimal dynamic 
characteristics of the vehicle on the basis of the necessary measures for vehicle stability and response. 
The gain selector III45 selects the gain values suitable for the current situation on the basis of the input 
45 necessary measures. The selected gains are output to the first to third coefficient circuits lll 12 , III 1S , and HI 21 . 
By providing the gain deciding means Ul^ described above, the gain changing means lll 4 can be 
obtained wherein the gain vaiues corresponding to the necessary measures for vehicle stability and res- 
ponse can be immediately supplied to the first to third coefficient circuits III 12 , !l! 16 , and lll 21 . As a result, 
flexible control corresponding to given situations can be achieved. 

so 

Ninth Mode 

The ninth mode of the present invention is shown in the block diagram of Fig. 12. The gain deciding 
means lll^ included in the gain changing means IIU includes a memory III44 for storing a stability priority 
55 gain for maximizing vehicl stability and a response priority gain for maximizing the vehicle response, and 
a gain calculation section HUe for weighting these two gains on the basts of the determination value from a 
vehicle state determining means IIU 2 and calculating gains suitable for the current situation. 

The function and effect of the ninth mode having the above characteristic feature will be described 
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below. 

The gain d ciding means lll^receiv sth necessaiy measures for vehicle stability and response output 
from the vehicle state determining means lll 42 . Precalcuiated stability priority gains G 10 to G30 for maximizing 
vehicle stability and precalcuiated response priority gains Gn to G 31 for maximizing the vehicle response 

5 are stored in the memory III44. These priority gains are the basic gains for determining their values. 

The gain operation section lllu multiplies the stability priority gains G 10 to G30 with weighting coefficients 
corresponding to the necessary stability measure representing the degree of stability improvement and the 
response priority gains G 1t to G33 with weighting coefficients corresponding to the necessary response 
measure. The products are added to calculate gains G< to G 3 , and the gains G A to G 3 are respectively output 

10 to the first to third coefficient circuits lll 12 , IU15. and IH 21 . 

When the gain deciding means lll^ having the arrangement described above is included In the gain 
changing means lll 4f the gain changing means lll 4 can easily supply the gain values corresponding to the 
necessary stability and response measures to the first to third coefficient circuits lll 12 , III15. and lil 2 i. There- 
fore, flexible control corresponding to given situations can be achieved. A large volume of data need not 

15 be stored In the memory III44, and the size of the gain changing means lll 4 can be reduced. Therefore, the 
overall system arrangement can be compact and inexpensive, thus improving efficiency. 

Tenth Mode 

20 The tenth mode of the present invention is shown in the block diagram of Fig. 13. A gain changing means 
lll 4 comprises : a vehicle behavior state variable estimating means HUi for estimating the variables repre- 
senting vehicle behaviors on the basis of a steering angle signal outputfrom the steering sensor I and signals 
for vehicle travel state variable with the vehicle travel and output from the vehicle state sensor Vi ; a \i 
estimating means Hl 42 for estimating friction (\x) between the road surface and the wheel surfaces on the 

25 basis of the vehicle behavior state variable estimation signal outputfrom the vehicle behavior state variable 
estimating means IIU1 and the signals for variables representing vehicle behaviors and outputfrom the ve- 
hicle behavior sensor II ; and a coefficient circuit coefficient changing means III43 for changing the coefficient 
of at least one of first, second, and third coefficient circuits III 12 , lll 16 , and III 21 on the basis of the n estimation 
signal outputfrom the \x estimating means lll 42 . Therefore, the gain changing means lll 4 supplies an optimal 

30 coefficient to a corresponding coefficient circuit 

The function and effect of the tenth mode having the above characteristic feature will be described 

below. 

The vehicle behavior state variable estimating means lll 41 in the gain changing means HI 4 estimates 
the variables representing vehicle behaviors on the basis of the steering control signal output from the con- 

35 troi signal operating means lll 3 and the signals for vehicle travel state variables with the vehicle travel and 
outputfrom the vehicle state detecting sensor VI. The p estimating means IH 42 estimates friction (n) between 
the road surface and the wheel surfaces on the basis of the vehicle behavior state variable estimation signal 
output from the vehicle behavior state variable estimating means III 41 and the signals for variables repre- 
senting vehicle behaviors such as a yaw rate and a lateral acceleration outputfrom the vehicle behavior 

40 sensor II. The coefficient circuit coefficient changing means lll^ changes the coefficient of at least one of 
the first, second, and third coefficient circuits Ill 12l lll 16 , and lll 21 on the basis of the n estimation signal output 
from the (i estimating means HU* Therefore, an optimal coefficient corresponding to the current situations 
of the wheels and/or the road surface is supplied to the corresponding coefficient circuit. 

As described above, the coefficients (G 1( G 2 , and G 3 ) are automatically changed on the basis of the \i 

45 estimation value so as to optimally satisfy the current situations of the wheels and/or the road surface. Zig- 
zag driving or a spin which is caused by oversteering by the driver can be prevented, in addition, even if 
the driver does not notice a change in \x, safety driving can be assured. Therefore, excellent driving stability 
can be achieved. 

so Eleventh Mode 

The eleventh mode of the present invention is shown in the block diagram of Fig. 14. A vehicle behavior 
state varlabl estimating means III 41 estimates the variables representing vehicle behaviors on the basis 
of the steering control signal outputfrom the control signal operating means lll 3 and the signals for vehicle 
55 travel state variabl with th vehid travel and output from the vehicle state detection sensor VI. The \i 
estimating means lll 42 comprises comparing means lll 421 for comparing the peak value of the vehicle 
behavior state variable estimation signal outputfrom the v hid behavior state variable estimating means 
I II 41 with the peak value of the vehicle behavior state variable signal output from the vehicle behavior sensor 
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II, and a \i determining means III422 for estimating friction \i on the basis of a comparison result output from 
the comparing means IIU21- 

The above peak value comparison is performed by comparing magnitudes of the peak values of the 
vehicle behavior state variable estimation signal and the behavior state variable signal and/or a phase dif- 
5 ference between their p aks. 

The function and ffect of the eleventh mode having the above characteristic feature will be described 
below. 

The vehicle behavior state variable estimating means IIU1 estimates the variables representing vehicle 
behaviors on the basis of a vehicle model obtained by mathematically modeling the vehicle behaviors on 

10 the smooth road by using the steering control signal output from the control signal operating means III 3l the 
signals for vehicle travel state variables with the vehicle travel and output from the vehicle state sensor VI, 
and the steering control signal output from the control signal operating circuit lll 31 . 

The comparing means IKI421 in the \i estimating means I ll 42 estimates the vehicle behavior state variable 
estimation signal output from the vehicle behavior variable estimating means IIU lf e.g., the yaw rate and/or 

1 s the lateral acceleration generated on the smooth road for the signals representing the current steering angle, 
the current vehicle travel state variables with the vehicle travels, and the steering control signal, calculates 
peaks of the signals, calculates a peak value of the signal for variable representing the vehicle behavior 
such as the yaw rate or the lateral acceleration output from the vehicle behavior sensor II, and compares 
the calculated peak values. This comparison operation is performed by comparing the magnitude of the peak 

20 values and/or the phase difference between their peaks. 

The \n determining means III422 estimates friction \i on the basis of the comparison result output from the 
comparing means Ill 421 . 

Unlike the conventional technique wherein the friction \i is estimated by the slip ratio of the wheels at 
the time of stop or start of the vehicle, the friction \i is estimated by the variables representing the vehicle 
25 behaviors according to the present invention. Therefore, the friction \l for determining the cornering forces 
of the wheels in the normal dynamic characteristics can be estimated. 

The road surface change caused by a change in environmental situation during vehicle traveling can 
be estimated by the variables representing the vehicle behaviors. The coefficients can be set in the coeffi- 
cient circuits by using the estimated values. Therefore, an excellent adaptive steering control system can 
30 be arranged, and stable steering with safety can be provided. 

Twelfth Mode 

The twelfth mode of the present invention is shown in the block diagram of Fig. 15. A gain changing 
35 means II U comprises : the vehicle behavior state variable estimating means lll 41 lor estimating the variables 
representing the vehicle behaviors on the basis of the steering control signal output from the control signal 
operating means lll 3 and the signals for vehicle travel state variable with the vehicle travel and output from 
the vehicle state detection sensor VI ; a n estimating means !ll 42 for estimating friction \i between the wheels 
and the road surface on the basis of the vehicle behavior state variable estimation signal output from the 
40 vehicle behavior state variable estimating means lll 41 and the vehicle behavior state variable signal output 
from the vehicle behavior sensor II ; slip ratio calculating means III44 for calculating a slip ratio of each vehicle 
wheel on the basis of the signals for vehicle travel state variable with the vehicle travel and output from the 
vehicle state detection sensor VI ; and a coefficient circuit coefficient changing means III43 for changing a 
coefficient of at least one of first, second, and third coefficient circuits UI 12 , ill 16 , and lll 2 i on the basis of the 
45 11 estimation signal output from the \i estimating means III42 and the slip ratio signal output from the slip ratio 
calculating means III44. 

The function and the effect of the twelfth mode having the above characteristic feature will be described 
below. 

The vehicle behavior state variable estimating means lll 41 in the gain changing means III 4 estimates 
so the variables representing the vehicle behaviors on the basis of the steering control signal output from the 
control signal operating means III 3 and the signals for vehicle travel state variables with the vehicle travel 
and output from the vehicle state detection sensor VI. The \i estimating means II U 2 estimates friction \i be- 
tween each wheel and the road surface on the basis of the vehicle behavior state variable estimation signal 
output from the vehicle behavior state variable estimating means lil 41 and the behavior state variable signal 
55 outputfrom the vehicle behavior sensor II. The slip ratio calculating means UI44 calculates a slip ratio of each 
wheel on the basis of the signals for vehicle travel state variables with the v hide travel and output from 
the vehicle state d t ction sensor VI, the vehicle velocity, and the vehicle wheel velocity. The coefficient 
circuit coefficient changing means lll^ changes a coefficient of at least one of the first, second, and third 
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coefficient circuits Ill 12> Mi& and 1II 21 on the basis of the \i estimation signal output from the \i stimating 
means III 42 and the slip ratio signal output from the slip ratio calculating means III44. 

With th above arrangement, the slip ratio is used as a reference for changing the gain. For example, 
when the gains must be changed to improve stability of the vehicle so as to prevent zig-zag traveling or a 
5 spin of the vehicle at the time of start or stop of the vehicle on a road having a low friction value \i or during 
abrupt acceleration or deceleration, the gains can be changed prior to changes in variables representing 
the vehicle behaviors. 

In addition to steering control corresponding to road surface condition changes caused by changes in 
outside environmental situations during vehicle traveling, steering control corresponding to vehicle wheel 
10 condition changes caused by changes in driving force during an acceleration or deceleration operation upon 
depression or release of an accelerator pedal can also be performed to improve safety of the vehicle. There- 
fore, vehicle handling can be further improved. 

Thirteenth Mode 

15 

The thirteenth mode of the present invention is shown in the block diagram of Fig. 1 6. A gain changing 
means 111* comprises : a vehicle behavior state variable estimating means III41 for estimating the variables 
representing the vehicle behaviors on the basis of the steering control signal output from the control signal 
operating means lll 3 and the signals for vehicle travel state variables with the vehicle travel and output from 

20 the vehicle state detection sensor VI ; a \i estimating means III42 for estimating friction \i on the basis of the 
vehicle behavior state variable estimation signal output from the vehicle behavior state variable estimating 
means III 41 and the vehicle behavior state variable signal output from the vehicle behavior sensor II ; aroad 
surface shape estimating means HI45 for estimating a shape of a road surface on the basis of the signals 
for vehicle travel state variable with the vehicle travel and output from the vehicle state detection sensor 

25 VI ; and a coefficient circuit coefficient changing means III43 for changing a coefficient of at least one of first, 
second, and third coefficient circuits Hl 12 , Hl 16f and lll 2 i on the basis of the \i estimation signal output from 
the n estimating means IU 42 and the estimated road surface shape signal output from the road surface shape 
estimating means IIU 6 . 

The function and effect of the thirteenth mode having the above characteristic feature will be described 
3D below. 

The vehicle behavior state variable estimating means III41 In the gain changing means lll 4 estimates 
the vehicle travel state variables with the vehicle travel behaviors on the basis of the steering control signal 
output from the control signal operating means lll 3 and the signals for vehicle travel state variable with the 
vehicle travel and output from the vehide state detection sensor VI. The \x estimating means IIU 2 estimates 

35 friction n on the basis of the vehicle behavior state variable estimation signal output from the vehicle 
behavior state variable estimating means lll 41 and the signals for variables representing the vehicle 
behaviors and output from the vehicle behavior sensor II. Subsequently, the road surface shape estimating 
means III45 estimates the shape of the road surface which contacts all vehicle wheeis on the basis of the 
vehicle velocity output from the vehicle state detection sensor VI and the signals for state variables repre- 

40 senting a suspension displacement of each vehicle wheel and a vehicle velocity. The coefficient circuit coef- 
ficient changing means 11(43 changes a coefficient of at least one of the first, second, and third coefficient 
circuits lll 12 , III 16 , and lll 21 on the basis of the ]i estimation signal output from the \i estimating means lll 42 
and the estimated road surface shape signal output from the road surface shape estimating means III45. 
In a conventional apparatus, vibrations caused by bumps on the road are transmitted to the vehicle body 

45 and hence the vehicle behavior sensor. The influenced signal for state variable representing a vehicle 
behavior is used as a steering control signal, thus causing an operation error. 

According to the thirteenth mode of the present invention, the estimated road surface shape signal is 
used as a reference for the gain changing means. Therefore, stability and reliability of the steering control 
system for the road surface shape can be further improved. 

60 In addition to the vehicle wheel slip state variable changed by changes in outside environmental situ- 
ations or operations of an accelerator pedal during vehicle traveling, optimal steering control can be pro- 
vided so as to compensate for the changes In traveling road surface condition. Vehicle safety can be further 
improved, and vehicle handling can also be improved. 

55 Fourteenth Mode 

The fourteenth mod of th present invention is shown in the block diagram of Fig. 17. A gain changing 
means III 4 comprises : a v hide behavior stat variable estimating means lll 41 for estimating the vehide 
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travel state variables with the vehicle travel behaviors on the basis of the steering control signal output from 
the control signal operating means lll 3 and the signals for vehicle travel state variable with the vehicle travel 
and output from the vehicle state detection sensor VI ; a \i estimating means III42 for estimating friction n 
between the vehicle wheels and the road surface on the basis of the vehicle behavior state variable esti- 

5 mation signal outputfrom the vehicle behavior state variable estimating means lll 41 and the signals for vari- 
ables representing the vehicle behaviors and output from the vehicle behavior sensor II ; a sensor 
abnormality detecting means 111** for detecting abnormalities of the steering sensor I, the vehicle behavior 
sensor II, and the vehicle state detection sensor VI ; and a coefficient circuit coefficient changing means 
IH43 for changing a coefficient of at least one of first, second, and third coefficient circuits l\\ i2f Wis, and lll 2 i 

10 on the basis of the p estimation signal outputfrom the \i estimating means IIl 42 and the sensor abnormality 
detection signal output from the sensor abnormality detecting means lil^. 

The function and effect of the fourteenth mode having the above characteristic feature will be described 
below. 

The vehicle behavior state variable estimating means lll 41 in the gain changing means lll 4 estimates 

15 the vehicle travel state variables with the vehicle travel behaviors on the basis of the steering control signal 
outputfrom the control signal operating means lll 3 and the signals for vehicle travel state variable with the 
vehicle travel and outputfrom the vehicle detection sensor VI. The \i estimating means III42 estimates friction 
ji between the vehicle wheels and the road surface on the basis of the vehicle behavior state variable esti- 
mation signal outputfrom the vehicle behavior state variable estimating means lll 41 and the vehicle behavior 

20 state variable signal output from the vehicle behavior sensor II. The sensor abnormality detecting means 
Ill4e detects abnormalities of the sensors when output values of the steering sensor I, the vehicle behavior 
sensor II, and the vehicle state detection sensor VI fall outside the allowable range of the preset values in 
view of the vehicle behavior or when the sensor outputs are compared with each other and comparison 
results indicate an abnormality. The coefficient circuit coefficient changing means III43 changes a coefficient 

25 of at least one of the first, second, and third coefficient circuits III 12 , Wig. and lll 2 i on the basis of the \i esti- 
mation signal output from the p, estimating means 11(42 and the sensor abnormality detection signal output 
from the sensor abnormality detecting means II^. 

With the above arrangement, the operation errors of the steering control system which are caused by 
sensor failures can be prevented to further improve safety and reliability. 

30 When optimal steering control corresponding to changes in outside environmental situations and 
changes in vehicle travel state variable with the vehicle travel by driver's operations is required, the vehicle 
can be constantly kept safe even if the sensors are accidentally malfunctioned or failed, thereby improving 
vehicle handling. 

35 (Description of Principle of \x Estimation) 

A method of estimating friction \i between the vehicle wheels and the road surface in an apparatus for 
controlling steering of wheels of a vehicle according to the present invention will be briefly exemplified. 
Equations of motion for translating lateral motion £ and yaw motion y as follows : 

40 

m*y - 2(F f + P r ) ... (1) 

I z -% « 2{a f T f - a r T r ) ...(2) 
P f « -ym f [{(y - u Q -\f/ + a f ^)/u Q } 

- 6 f - u f ] ... (3) 

F r = -u*m r [{(y - u 0 -jf> - a r ^)/u Q } 



45 



50 



u r ] ...(4) 



55 where 



mrthevehic! weight 

nv the front load of the vehicle 
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nv the rear load of the vehicle 
p: the friction 

xifi the auxiliary steering angle for the front wheels 
Ufi th auxiliary steering angle for the rear wheels 
l z : the yaw inertia moment of the vehicle 

afi the distance b tween th front axfle of the vehicle and its center of gravity 

a r : the distance between the rear axile of the vehicle and its center of gravity 

(¥ the cornering power of the front wheels of the vehicle 

Cfi the cornering power of the rear wheels of the vehicle 

F f : the cornering force of the front wheels of the vehicle 

F r : the cornering force of the rear wheels of the vehicle 

u 0 : the vehicle velocity 

yzthe yaw angle of the vehicle 

y: the yaw rate of the vehicle 

V: the yaw angular acceleration of the vehicle 

y : the lateral displacement of the vehicle 

y: the lateral velocity of the vehicle 

y: the lateral acceleration o< the vehicle 

SfC the front wheel steering angle of the vehicle 

Equations (1) to (4) are synthesized as follows : 

i|(t) = Ax|(t) + |b f (6Kt)+uKt)Hb r u r (t) (5) 
wherein x|(t), A,|bf, and |b f are defined as follows : 



xl(t) 





'y(tr 




SB 


y(t) 






*(t) 










'0 


l 


0 


0 


a 22 


a 23 


0 


0 


0 


. 0 


a 42 


a 43 


fo 1 





lb, 



lb. 



0 
l b 
0 
b 



f2 



rl 



lb r2 J 



l 24 



l 44j 



15 



EP 0 278 366 B1 



Elements in equations (6) are defined as follows : 



a 22 ™ ~ 2y{ni f + ro r )/(u Q .m) 

a 23 * 2 ^ (m f + m r ^ m 

a 24 ™ 2 vl & r ' m r - a f .m f )/(u 0 .m) 

a 42 = 2 U (a r ,in r " a f ,m f)/C u o ,m) 
a 43 « 2 u (a f .m f - a r .m r )/I 2 

a 44 

» 2p«itij/m 

m 2p«a£»m^/in 
b rl = 2 u .m r /I z 
b r2 = -2 u .a r .m r /I z 



2 2 
-2p(a f .m f + a r •m r )/(u () .I 2 ) 



.. (7) 



The yaw rate y and the lateral velocity y are expressed below in accordance with equations (5) and 
(6). In the following equations, S represents a Laplacian operator. 



g^S)' ¥(S) - (d^S + d Q ) 



for 



(6 f (S) + u f (S)) 
+ (c^S + c 0 )u r (S) 



S - (a 22 + a 44 )S 

+ (a 22 -a 44 - a 24 .a 42 - a 43 ) 



d l ' b f2 

d 0 " b fl' a 42 " b f2* a 22 
C l = b r2 

C 0 = b rl' a 42 " b r2* a 22 



.... (8) 
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10 



25 



g 2 (S) y(s) = (h 2 «s^ + hj-s + h Q ) 
(6 f (S) + u f <S)) 
+ (k..S 2 + k,.S 



+ k Q )u r (S) 



for 



g 2 (S) - s-g 1 (S) 





h 2 


s 


b fl 




15 




s 


b f2 ,a 24 


" b fl #a 44 




h o 




b f2 .a 23 


" b fl' a 43 


20 


k 2 


ss 


b rl 






k l 




b r2* a 24 


" b rl' a 44 




k 0 


= 


b r2' a 23 


" b n* a 43 



. ... (9) 



From equation (9), the lateral acceleration £ can be derived as follows : 



30 



35 



gi (S)-y(S) 



(h 2 -S' 



+ h 1 *S + h Q ) 



(6 f (S) + u f (S)) 

+ (k 2 *S 2 + k^S + k Q )u r (S) 



..•(10) 



The coefficients of equations (8) and (10) are calculated using the specifications of the vehicle, the ve- 
hicle velocity u 0( and the front and rear wheel loads n> and m r from the vehicle state detection sensor. The 
calculated coefficients, the driver's steering angle 5f and the front and rear wheel steering angles Uf and u r 
40 are used to solve equations (8) and (10), thereby estimating an estimated yaw rate y m and an estimated 
lateral acceleration p m . In this case, friction n Is given as a value for a smooth road (e.g., 0.8 to 1.0). 

By using the estimated value y m of the yaw rate and the estimated value y m of the lateral acceleration 
are used to estimate the friction p. between the vehicle wheels and the road surface In the following manner 
with reference to Fig. 18. 

45 The controllability of the yaw rate and the lateral acceleration is changed according to different friction 
values \i even if identical steering operations are performed. For example, if the friction value \i is small, 
the yaw rate and the lateral acceleration are decreased as compared with the case wherein the friction value 
\l is large. In addition, the leading edge of the characteristic curves of the yaw rate and the lateral acceler- 
ation are moderate. By using this nature, the friction value \i is estimated. Peak values of the estimated 

50 values y m and y m of the ideal yaw rate and the ideal lateral acceleration which are obtained on the smooth 
road (or an equivalent) and peak values of the detected yaw rate y and the lateral acceleration y are cal- 
culated. The magnitudes of the peak values and/or the phase difference b tween these peaks is compared 
to estimate th friction. 

In the above estimation method, the friction \i is actually estimated by the front wheel steering system 
55 (u r = 0) as follows : 

(i) Ratios of magnitudes of the peak values of the frequencies of the friction values p, the vehicle veloci- 
tys, the vehicle travel state variables with the vehicle travel, and steering control signals, and/or phase 
differences between the peak values are stored as a map. Data associated with these peak values are 
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compared with each other, and the comparison results are subtracted from the data in the map, thereby 
estimating the friction \l. 

00 The steady values of the y and the y are represented as follows : 

5 y: = {d 0 (6 r +u f )+C 0 • u r )}l(*22 -344-824-842-843) 

-4ttr-<rt4 (11) 

1 

y = M&fiUf) +ko • u r }/(a22 -844-824-842-843) 
"M%-«iM (12) 

10 





s l = 


d 0 (fi f + u f ) + C 0 .u r 


15 


S 2 = 


a 22* a 44 ' a 24* a 42 




S 3 " 


a 43 




S 4 = 


K 0 (6 f + u f ) + E 0 .u r 


20 


a o = 


y2(5 fl ,5 42 * 5 f2' a 22 ) 






u2(S rl ,5 42 ~ 5 r2* a 22> 


25 




!j2(E f2 ,a 23 " B fl ,5 43 l 






w2(E r2 ,S 23 " E rl' a 43 ) 




a ij = ua ij (i '3 = 1 # 2,. .. 


30 


b ij 88 wE ij ^ = f ' r and 



- ...(13) 



j = 1, 2,... 4) 



35 

The steady values of the estimated values are given in the same manner as in equations (11) and (12) 
as follows : 

Vm^/te-sa/^) (14) 

* ?m ss S4/(S2-S 3 /^ m ) (15) 

where ^ is the friction value \x between the vehicle wheels and the road surface on the smooth road (e.g., 
0.8 to 1.0). 

In this case, a ratio of \Jr to y m and a ratio of y to y m are calculated by equations (11), (12), (14), and 
45 (15), and the friction value can be reduced into equation (1 6) or (1 7) below : 

^ = (v/v m )-^[(¥/Vm)'S 2 -S2+(1/ f x m ).S 3 ] (16) 
^ = (^•8^/^.85-8^(1/^.8^ (17) 

50 First Embodiment 

An apparatus for controlling steering of wheels of a vehicle according to a first embodiment which 
belongs to the fifth, seventh, and ninth modes of the present invention wili be described with reference to 
Figs. 19 to 21. 

55 The apparatus for controlling steering of wheels of a vehicle of this embodiment is applied to an 
apparatus for front wheels and basically belongs to the fifth mode shown in Fig. 8. The apparatus comprises 
a steering sensor I, a vehicle behavior sensor II, a control means III, a driving means IV, an actuator means 
V, a front wheel steering mechanism V 10l and a vehicle velocity sensor VI. 
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The steering sensor ! is coaxial with a steering wheel to measure a steering angle of the steering wheel, 
as shown in Fig. 19. 

Th vehicle behavior sensor II is mounted at the center of gravity of the vehicle body and comprises a 
yaw rate sensor lit for detecting the yaw rate y and outputting a signal representing the yaw rate iy. 
5 The control means III comprises a feed forward signal operating means lll 1v a feedback signal operating 
means lll 2 , a control signal operating means lll 3l and a gain changing means I!l 4 . 

The feed forward signal operating means Jt I ^ comprises : a steering angle signal circuit llln for trans- 
mitting, without modifications, an electrical signal corresponding to a steering angle 5 and output from the 
steering sensor I ; a steering angle signal operation circuit ill 13 provided with a first coefficient circuit lll 12 
10 for multiplying with Gj the signal corresponding to the steering angle 8 and output from the steering sensor 
I ; a steering angular velocity signal operation circuit lll 16 provided with a differentiator !II 14 for calculating a 
signal corresponding to a steering angular velocity 5 on the basis of the signal corresponding to the steering 
angle 8 and output from the steering sensor I and a second coefficient circuit I ll 16 for multiplying with G 2 the 
signal corresponding to the steering angular velocity 5 and output from the differentiator lll 14 ; and an adder 
15 lll 17 for adding the signals output from the first and second coefficient circuits lll 12 and III 16 and the signal 
output from the steering angle signal circuit 

The feedback signal operating means lll 2 comprises a vehicle behavior state variable signal circuit III22 
provided with two coefficient circuits lll 21 and IH23, a primary delay filter lll^, and an adder lll^ for adding 
the signals output from the coefficient circuits Ill 21 and Hl 23 . The primary delay filter III2* outputs a signal 
20 representing a pseudo yaw angle y corresponding to the yaw angle y on the basis of the signal representing 
the yaw rate y. 

As shown in Fig. 20(a), in order to derive the yaw angle y from the yaw rate y, the yaw angle signal is 
integrated by an integrator 101 . However, a steady deviation may occur in the yaw angle y due to the influ- 
ence of slight noise in the yaw rate sensor II1. A high-pass filter 102 having an effect shown in Fig. 20(b) is 
25 connected to the output of the integrator 101 to eliminate the above-mentioned steady deviation. The 
arrangement in the block diagram of Fig. 20(a) can be equivalency replaced with a primary delay filter 103 
and a coefficient circuit 104 as shown in Fig. 20(c). The integrator 101 and the high-pass filter 102 are rep- 
laced with the primary delay filter 103 and the coefficient circuit 104 to obtain the same effect as described 
above. 

30 The control signal operating means lll 3 comprises an adder/subtracter lll 31 for calculating a difference 

or a sum of the feed forward control signal output from the feed forward signal operating means Hit and the 
feedback signal output from the feedback signal operating means ill 2 . 

The gain changing means lll 4 comprises a microcomputer 200. The microcomputer 200 comprises an 
input port 201 for receiving a signal corresponding to the steering angle 8, a signal corresponding to the 

35 steering angular velocity 8, and a signal corresponding to the vehicle velocity u 0 ; an arithmetic and logic 
unit 202 for calculating an optimal gain ; a memory 203 for storing optical gains and algorithms for the 
arithmetic and logic unit 202 ; and an output port 204 for outputting an optimal gain selected by the arithmetic 
and logic unit 202. 

The functions of the microcomputer 200 will be described in detail with reference to a flow chart in Fig. 

40 21. 

When the driver turns on the ignition key, initialization is performed in program P1. In this initialization 
routine, the operating states of all sensors are detected to check their abnormalities and set the initial values 
therein. 

When the initialization routine in program P1 is completed, a value of the vehicle velocity u 0 is read from 

45 the vehicle velocity sensor VI to the microcomputer 200 (P2). 

The microcomputer 200 calculates a coefficient W t from the vehicle velocity value (P3). If the vehicle 
velocity is low (e.g., u 0 < 40 km/h), the coefficient Wj is given as Wi = 1 . However, if the vehicle velocity is 
high (e.g., u 0 > 120 km/h), the coefficient W t is set to be Wj ■ 0. The intermediate values of the coefficient 
Wt are successively calculated by using a proper function. 

so The steering angle 8 is read from the steering sensor I to the microcomputer 200 (P4). The microcom- 
puter 200 calculates a coefficient W 2 (P5). If the steering angle is small (e.g., |8| < 8, = 15°), the coefficient 
W 2 is set to be W 2 = 0. However, if the steering angle is large (|8| > 8 2 = 30°), the coefficient W 2 is set to be 
W 2 = 1 . The intermediate values of the coefficient W 2 are successively calculated by a proper function. The 
coefficient W 2 may be changed in accordance with changes in vehicle velocity Uq. In this case, If the vehicle 

55 velocity is low, threshold values S t and 82 of the coefficient W 2 are set to be large. However, when the vehicl 
velocity is high, the threshold values and 8 2 are set to be small. 

The microcomputer 200 then fetches the steering angular velocity S output from the differentiator lii 14 
in the feed forward control means III 1 (P6) and calculates a coeffici nt W 3 (P7). The coefficient W 3 is deter- 
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mfned by the steering angle 8 and the steering angular velocity 5 In such a manner that W 3 = W 31 x Wa, • 
W 3 , Is determined by the steering angle 8. If the steering angl 6 is small (|6| < 63 = 7.5°), then W 31 = 0 is 
established. However, if the steering angle Is relatively large (|6| > 84 = 25°), then W 31 « 1 fs established 
The Intermediate values of the W 31 are successively calculated by a properfunction. Similariy, the coefficient 
Waa is determined by the steering angular velocity 6. If the steering angular velocity a is small (|SI < 
8, = 15%ec), then = 0 Is established. However, If the angular velocity 8 is large (|5| > 82 * 30°/sec) 
then = 1 is established. The coefficients W 31 and W K may be changed in accordance with the changes 
in vehicle velocity in the same manner as In the coefficient W 2 . 

The signals from the above sensors are received and the coefficients W 1( W* and W 3 are calculated 
as described above. Coefficients M, and M 2 are then calculated <P8 and pg). The coefficient M, is calculated 
by M, = W, x W 2 ; and the coefficient M 2 is calculated by M 2 ■ W, x W 3 . 

A truth value M is calculated using the coefficients M, and M 2 (P10). In this case, a larger one of the 
coefficients M, and M 2 is used. 

Optimal gains G,, G 2 , G 3 , and G 4 obtained on the basis of the truth value M are output to the coefficient 
circuits lll 12 , Hl 13 , life,, and lll a (P1 1), respectively. The optical gains are calculated as follows : 

G, = (1-M)xG» + MxG„ 

wherein Gb and G„ are optimal gains for M = 0 and M = 1 where i represents 1 , 2, 3, or 4. 

After program P1 1 is executed, the flow returns to program P2, and the above operations are repeated 

The memory 203 stores optimal gains G 10l G*,, and G40 obtained for M = 0, optimal gains G,,, G 21 
G 3J , and G 41 obtained forM = 1, and programs P1 to P11 in addition to the values S„ 82, 83, 8 4l 8, and 8,' 

The driving means IV comprises an amplifier IV, tor receiving the steering control signal outputfrom 
the control means III, i.e., the signal corresponding to the front wheel steering angle, and converting the 
steenng control signal into an actuator drive signal. 

The actuatormeans Vservesto converts the actuator drive signal from the driving means IV into afront 
wheel steering angle and comprises a hydraulic piston V„ an oil-assisted mechanism V* a stepping motor 
V 3 , and a gear box V,. " 

Thefrontwheel steering mechanism V 10 comprises front wheels 511, steering linkages 512, and rods 
513. 

The on-assisted mechanism V 2 comprises : a hydraulic pump 501 ; a releaf valve 502 for maintaining 
an oil pressure at a predetermined pressure ; an accumulator 503 for suppressing variations in oil pressure 
in the hydraulic pump 501 ; a servo valve 504 for determining a direction for supplying an oil to the hydraulic 
piston V,; an oil supply path 505 for supplying the oil pressure to the hydraulic piston V,; an oil return path 
506 for returning the oil discharged from the hydraulic piston V, and the oil leaking from the releaf valve 
502 ; and an oil tank 507 for storing the oil used in the oil-assisted mechanism. 

The front wheels 511 are rotatably supported on the vehicle body through the steering linkages 512 
respectively. The steering linkages 512 are coupled through the rods 513 and the hydraulic piston V, The" 
stepping motor V 3 is controlled by a signal corresponding to the front wheel steering angle from the driving 
means IV. The stepping motor V 3 drives the servo valve 504 and also drives the rods 513 through the gear 
box V, in the right-and-left direction. By these mechanisms, the stepping motor V 3 drives the rods 513 in 
the right-and-left direction in response to the signal from the driving means IV. At the same time, the stepping 
motor V 3 drives the servo valve 504 to cause it to supply the compressed oil from the oil supply path 505 
to one chamber of the hydraulic piston V, . At the same time, the stepping motor V 3 causes the other chamber 
to communicate with the oil tank 507 through the oil return path 506. Therefore, the hydraulic piston V, is 
dnven to assist the force acting on the stepping motor V 3 , and the front wheels 51 1 can be steered in the 
right or left direction. 

The vehicle velocity sensor VI is mounted on an output shaft of a vehicle transmission. The sensor VI 
detects the vehicle velocity u 0 and outputs a signal representing the vehicle velocity u 0 . 

The functions of the first embodiment having the above arrangement will be described below 
The outputs from the steering sensor I for measuring the steering angle of the steering wheel and the 
vehicle behavior sensor II provided with the yaw rate sensor II, for outputting the yaw rate v are Input to 
the feed forward signal operating means III, and the feedback signal operating means lll 2 in the control 
means HI. 

The feed forward signal operating m ans III, classifies the input signals into the signal corresponding 
to the steering angle 8 and the signal corresponding to the steering angular velocity 8 through the differen- 
tiator lll 14 \ T nes signals are Input to the Input port 201 in the gain changing means lll 4 together with the 
vehicle velocity u 0 from the vehicl velocity sensor VI mounted on the transmission 
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The feedback signal operating means lll 2 classifies the input signals Into the signal corresponding to 
the yaw rate y and th signal representing the ps udo yaw angle y through the primary delay filter lll^. 

The input port 201 In the gain changing means IIU determines the vehicle stat on the basis of the inputs. 
More specifically, the degree of the vehicle velocity u 0> the degree of the steering angl 8, and the degre 
5 of the steering angular velocity 5 are replaced with the coefficients W 1( W 2 and W 3 which are continuously 
changed between 0 and 1 so as to correspond to the human evaluation values in accordance with the fol- 
lowing logical sequences : 

(I) If the vehicle velocity u 0 is high, stability is improved. 

(II) If the vehicle velocity u 0 is not high, the following conditions are applied. 

10 (111) If the absolute value |8| of the steering angle is large, the controllability is shortened. 

(IV) If the absolute value |S| of the steering angle is small, stability is improved. 

(V) If the absolute value |5| of the steering angle is relatively large and the absolute value |5| of the steer- 
ing angular velocity is also large, the controllability is shortened. 

(VI) If the absolute value [5| of the steering angle is relatively large and the absolute value |6| of the 
16 steering angular velocity is small, stability is improved. 

The "improvement of stability" here indicates that the vehicle can maintain the proper route even if dis- 
turbance such as a side wind acts on the vehicle. The "shortening of the controllability*' here indicates that 
the vehicle quickly responds to the driver's operation so as to, e.g., immediately change the lane when the 
driver wants to detour an obstacle. 
20 The logical sequences (I) to (VI) are performed by calculations M^W^ W 2 and M 2 = x W 3 . A con- 
tribution index, i.e., the truth value M is determined by using the maximum values of the coefficients Mi and 
M 2 . Optimal gain values are then determined in accordance with the truth value M. 

The optimal gains G 10 , G20, G^, and G40 for truth value M - 0 and the optimal gains G 2 i» G31, and 
G 41 for truth value M = 1 are prestored in the memory 203. The values of the optimal gains calculated by 
2S the arithmetic and logic unit 202 are output at the output port 204. 

The optimal gain outputs G| (i » 1 to 4) from the output port 204 in the gain changing means ll! 4 are 
input to the first coefficient circuit Iil 12 and the second coefficient circuit II 1 15 in the feed forward signal operat- 
ing means lilt and the two coefficient circuits lll 21 and Ul 2 3 in the feedback signal operating means lll 2 . There- 
fore, optimal gains can be provided to the signals 5, 5, y, and y. 
30 The adder IU 17 in the feed forward signal operating means llh adds the steering angle signal 5, a signal 
G 1 ■ 5 obtained by multiplying the steering angle signal with the optimal gain G 1t and a signal G 2 • 5 obtained 
by the differential value signal 6 of the steering angle with the optimal gain G 2 to output a feed forward signal 
5-f Gi • 5+G 2 • 6 to the control signal operating means Ill 3 . 

The adder HI25 in the feedback signal operating means lli 2 adds a signal G 3 • y obtained by multiplying 
35 the yaw rate signal y with the optimal gain G 3 , and a signal G 4 • y obtained bg multiplying the pseudo yaw 
angle signal y with the optimal gain G 4 to output a feedback signal G 3 • y+G 4 • y to the control signal operat- 
ing means lll 3 . 

The driving means IV drives the following operation control signal u to drive the actuator means V : 

A 

40 u = 8+Gi •8+G 2 -8+G 3 ' v+G 4 -y 

Therefore, the front wheel steering mechanism V 10 is driven to perform predetermined steering control. 

With the above operations, the front wheels 51 1 are steered by a constant multiple (i.e., a gear ratio of 
the gear box V 4 ) of the steering control signal obtained by adding the feed forward signal derived from the 
45 steering wheel steering angle 6 and the steering velocity 8 to the feedback signal derived from the vehicle 
yaw rate y. 

The vehicle mounted with the apparatus for controlling steering of wheels of the vehicle immediately 
responds to steering of the steering wheel when the driver quickly turns the steering wheel or turns it with 
a large steering angle at a relatively low vehicle velocity since the values of the gains G l9 G 2f G 3 , and G 4 

so output to the coefficient circuits lll 12 , III15, lll 2 i, and III23 in the control means III are adjusted to those corre- 
sponding toMM, When the vehicle velocity is relatively high and an external force caused by a side wind, 
a rut, a bump, or the like acts on the vehicle, the driver does not instantaneously turn the steering wheel. 
In this state, since the gains G 1f G 2 , G 3 , and G 4 are controlled by the gain changing means III such that the 
truth value M is almost zero, vehicle stability can be improved and the front wheels are driven to automati- 

55 cally cancel disturbance. 

When the response time is shortened at a relatively high velocity during quick turning of the steering 
wheel, the driver cannot often control the vehicle. In order to prevent this, th values of the gains G 1f G 2 , 
G 3 , and G 4 are controlled such that the truth value M Is almost zero. Therefore, the vehicle can change the 
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direction safely. 

In th vehicl mounted with the apparatus of this embodiment, ptimal dynamic characteristics of the 
vehicle are provided for the behaviors of the vehicle and steering of the steering wheel by the driver. 

5 Second Embodiment 

An apparatus for controlling steering of wheels of a vehicle according to a second embodiment which 
belongs to the sixth and seventh modes of the present Invention will be described with reference to Figs. 
22 and 23. 

10 This apparatus is applied to the one for the front wheels and basically belongs to the sixth mode shown 
in Fig. 9. The apparatus comprises a steering sensor I, a vehicle behavior sensor II, a control means III, a 
driving means IV, an actuator means V, a vehicle velocity sensor VI, and a raindrop sensor VIL 

The vehicle behavior sensor II comprises a yaw rate sensor I1 1 for detecting an angular velocity around 
the center of the gravity of the vehicle and a lateral acceleration sensor l! 2 for measuring a lateral acceler- 

15 ation of the vehicle, as shown in Fig. 22. 

The control means III comprises a feed forward signal operating means I ll 1f a feedback signal operating 
means (ii 2 , a control signal operating means lll 3l and a gain changing means Ill 4 . 

The feed forward signal operating means Hit comprises : a steering angle signal circuit IU 11 for trans- 
mitting an electrical signal corresponding to a steering angle 5 and output from the steering sensor I ; a steer- 

20 ing angle signal operation circuit lll 13 provided with a first coefficient circuit lll 12 for multiplying with G 1 a signal 
corresponding to the steering angle 5 and output from the steering sensor I ; a steering angular velocity sig- 
nal operation circuit I Il 18 provided with a differentiator Iil t1 for calculating a signal corresponding to a steering 
angular velocity 8 on the basis of the signal corresponding to the steering angle 5 and output from the steer- 
ing sensor I and a second coefficient circuit lll 1B for multiplying with G 2 a signal corresponding to the steering 

25 angular velocity 5 and output from the differentiator IH 11 ; and an adder lll 17 for adding the signals output 
from the first and second coefficient circuits III 12 and III 15 and the signal output from the steering angle signal 
circuit llln. 

The feedback signal operating means lll 2 comprises four coefficient circuits lll 21 , 111^ IIU. and lib. 
primary delay filters 111^ and lib* an integrator l!i 2e , and a vehicle behavior state variable signal circuit IH22 

30 provided with three adders lll 20 , IN25, and III30- A 

The primary delay filter IH24 outputs a signal representing a pseudo yaw angle y corresponding to a 
yaw angle y on the basis of the signal representing the yaw rate y. The primary delay filter 111^ outputs a 
signal representing a pseudo lateral displacement y corresponding to the lateral displacement y on the basis 
of the signal corresponding to the lateral velocity y calculated by the Integrator lll 28 . The functions and effects 

35 of these primary delay filters III24 and 111^ are the same as those in the first embodiment. 

The coefficient circuits lll 21 , IN23, M28 and l!I 27 multiply the corresponding signals with the yaw rate feed- 
back gain G 3 , the yaw angle feedback gain G 4 , the lateral velocity feedback gain G 6 , and the lateral dis- 
placement feedback gain G e , respectively. The adders IH20, W25 and IH30 are used to add signals output from 
the four coefficient circuits IU 21 , III23. M26 and IH27. 

40 The control signal operating means lli 3 comprises an adder/subtracter lll 31 for calculating a difference 
or a sum of the signal output from the feed forward signal operating means llh and the signal output from 
tiie feedback signai operating means IU 2 . 

The gain changing means lll 4 comprises a microcomputer 200. The microcomputer 200 comprises : an 
input port 201 for receiving the signal corresponding to the steering angle 8, the signal corresponding to 

45 the steering angular velocity 8, the signal corresponding to the vehicle velocity u 0 , the signal corresponding 
to the yaw rate y, the signal corresponding to the lateral acceleration y, and the signal corresponding to 
the rainfall n an arithmetic and logic unit 202 for discriminating the state of the vehicle on the basis of the 
inputs and calculating optimal gains ; a memory 203 for storing the optimal gains and an algorithm for the 
arithmetic and logic unit 202 ; and an output port 204 for outputting the optimal gains selected by the arithme- 

so tic and logic unit 202. 

The functions of the microcomputer 200 are substantially the same as those shown in the flow chart of 
Fig. 21. Differences between the first and second embodiments are concentrated and described with refer- 
ence to Fig. 23. 

Programs P1 to P7 are the same as those in the first embodiment 
55 In program P8, the microcomputer 200 fetches an output from the raindrop sensor VII and calculates 
a coefficient W 4 (P9). The coefficient W 4 is determined by the rainfall r. If th rainfall is small (r<^ « 1 mm/h), 
then W 4 = 1 is establish d. However, If the rainfall is large (r > r 2 ="10 mm/h), then W 4 = 0 is established. 
The intermediate values of the rainfall are successively calculated by a proper function. 
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The signals of the above sensors are fetched by the microcomputer 200, and the microcomputer 200 
calculates the coefficients and M 2 (P10 and P1 1) after calculating the coefficients W 1t W 2 , W 3 and W 4 . 
The coefficient is calculated by = W t x W 2 x W 4 ; and the coefficient M 2 is calculated by M 2 = W t x 
W 3 xW 4 . 

5 The truth value M is calculated using the coefficients Mi and M 2 (P1 2). A larger one of the coefficients 
Mi and M 2 Is used for the truth value M. 

Optimal gains G 1f G 2 , G 3l and G 4 G s and Ge obtained In good outside environmental situations such 
as a smooth road surface are calculated using the resultant truth value M (P13). These optimal gains are 
calculated by the following algorithm : 

10 

G, = (1 MJxGio + MxGh 

where G w and G h (i = 1 to 6) are optimal gains in good outside environmental situations for M = 0 and M »1 t 
15 respectively. 

The optimal gains Gj (i = 1 to 6) can be obtained by the following control principle. 
Two-degree-of-freedom motion equations of a weight m and yaw inertia moments l z of the yaw and 
lateral directions are represented as follows (in this case, the vehicle is given as a two-wheel steer vehicle) : 

20 m.y = 2(F f + F r ) (18) 

l 2 .V»2(a r F f -a r -F r ) (19) 

ft* 

Ff ■ -^(y T u 0 v + a^)/u 0 - 5,} 
Fr-^y-uov + a^/uo} 

25 

where 

Bfi the distance between the front axile of the vehicle and Its center of gravity 

a^ the distance between the rear axile of the vehicle and its center of gravity 

CfZ the cornering power of the front wheels of the vehicle 
30 c,: the cornering power of the rear wheels of the vehicle 

F f : the cornering force of the front wheels of the vehicle 

F r : the cornering force of the rear wheels of the vehicle 

u 0 : the vehicle velocity 

y: the yaw angle of the vehicle 
35 Y- i* 16 y aw rate of the vehicle 

yf, the yaw angular acceleration 

y : the lateral displacement of the vehicle 

y: the lateral velocity of the vehicle 

y: the lateral acceleration o< the vehicle 
40 bfi the front wheel steering angle of the vehicle 

The steering pattern of the driver can be given as follows : 

5 f = f(y i y l v,v,Sf,S < ) (20) 

45 When equations (18) to (20), i.e., the steering patterns of the driver, and auxiliary steering variable u 
of the time-serial optimal front wheel steering angle signal applied to the front wheel steering system are 
taken into consideration, the equations of motion are given as follows : 

m-y = 2(F r +F r + u-c,) (21) 
50 l 2 .V = 2(a r F f -a r F r + u.a r c f ) (22) 

6f = f(y,y, Y, V. Sf. *f. u) (23) 

Th auxiliary steering angle is given as : 

55 
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u - j 1 g ± .x L 

5 

where gj is a contribution coefficient for giving the optimal auxiliary steering angle u, and X| represent ali 
possible vehicle travel state variables with the vehicle travel and the vehicle behaviors which express the 
motion of the vehicle. These variables include the vehicle lateral displacement, the vehicle lateral velocity, 
10 the yaw angle, the yaw rate, the steering angle of the steering wheel turned by the driver, and its steering 
angular velocity. 

Output values from the yaw rate sensor lit and the lateral acceleration sensor ll 2 , i.e., the yaw rate y 
and the lateral acceleration 9 are fetched by the microcomputer 200 (P14 and P15). The microcomputer 
200 then fetches a steering control signal 8f (P16). The yaw rate y and the lateral acceleration y are divided 
15 by the steering control signal 6f (P1 7 and P1 8), and the quotients are then compared with the steady vehicle 
steering gains of the actual steering angle and yaw rate and the measured lateral acceleration (P19 and 
P20), thus outputting coefficients N t and N 2 (P21 and P22). The coefficients N 1 and N 2 are inverse numbers 
obtained by dividing the quotients by the steady vehicle steering gains. If each coefficient IS^ and N 2 exceeds 
1.5, it is set to be 1.5. The coefficients N 1 and N 2 are multiplied with the gains Gi to G 6 and the products 
20 are respectively output to the coefficient circuits III 12l lll 13 , lll 21v III^, III 2 3. and III24 (P23 and P24). 

After program P24 is executed, the flow returns to program P2, and the above operations are repeated. 

Optimal gains G 10 , G^, G40, Gso and Geo for M = 0, optimal gains G 11t G 21f G 31 , G 41 , G 51 and G 61 
for M = 1, and programs P1 to P22 are stored in the memory 203 in addition to the signals 5 1f S 2 , 5 3 , 5 4 , 5 1t 
62, r 1v r 2f the measured steering angle, the yaw rate, and the steady vehicle steering gains of the measured 
25 steering angle and the measured lateral acceleration. 

The driving means IV comprises a subtracter IV 1 for calculating a difference between the steering con- 
trol signal output from the control means III, i.e., the signal corresponding to the front wheel steering angle, 
and a signal output from a rod displacement meter 514 included in the actuator means V, and an amplifier 
IV 2 for converting the signal output from the subtracter 1V| into a signal to be supplied to the servo valve 
30 525 included in the actuator means V. 

The actuator means V converts the signal from the driving means IV into a front wheel steering angle 
and comprises a front wheel steering mechanism V 10 and an etectrohydraulic control mechanism V^. 

The front wheel steering mechanism V 10 comprises front wheels 511, steering linkages 512, rods 513, 
and the rod displacement meter 514. 
35 The electrohydraulic control mechanism V 20 comprises a hydraulic pump 521, a releaf valve 522 for 
maintaining an oil pressure at a predetermined pressure, an accumulator 523 for suppressing variations in 
oil pressure in the hydraulic pump 521, a hydraulic piston 524, a servo valve 525 for determining a direction 
for supplying an oil to the hydraulic piston 524, an oil supply path 526 for supplying the oil pressure to the 
hydraulic piston 524, an oil return path 527 for returning the oil discharged from the hydraulic piston 524 
40 and the oil leaking from the releaf valve 522, and an oil tank 528 for storing the oil to be used in the etec- 
trohydraulic control mechanism V 20 . 

The front wheels 511 are rotatably supported on the vehicle body through steering linkages 512. The 
steering linkages 512 are coupled through the rods 513 and the hydraulic piston 524. The servo valve 525 
is controlled by a difference between the front wheel steering angle signal from the driving means IV and 
45 the output from the control means III. In other words, the servo valve 525 is controlled by a signal corre- 
sponding to the front wheel steering angle deviation. The compressed oO, which is controlled at a predeter- 
mined pressure by the hydraulic pump 521, the releaf valve 522, and the accumulator 523 is supplied to 
one chamber of the hydraulic piston 524 through the oil supply path 526 by the servo valve. The other cham- 
ber communicates with the oil tank 528 through the oil return path 527, thereby driving the hydraulic piston 
50 524. Therefore, the front wheels 51 1 can be steered in the right or left direction through the rods 513 and 
the steering linkages 512. 

The vehicle velocity s nsor VI is mounted on the output shaft of the transmission. This sensor VI detects 
the vehicle velocity u 0 and outputs a signal representing the vehicle velocity Uq. 

The raindrop sensor VII is located in the front portion of the vehicle body. This sensor VII detects rain- 
55 drops or a humidity and outputs a signal representing whether the road is slippery. 

The function and the effect of this embodiment having the above arrangement will be described below. 

The steering sensor I and the yaw rate sensor ll 1 included in the vehicle behavior sensor II are sub- 
stantially the same as those in the first embodiment However, the vehicle behavior sensor II also includes 
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a lateral acceleration sensor ll 2 in addition to the yaw rate sensor lit. The lateral acceleration sensor ll 2 Is 
used to measure a lateral acceleration of the vehicle. 

The input port 201 in the gain changing means HU receives a signal corresponding to the yaw rate y 
and output from the yaw rate sensor in the vehicle behavior sensor II, a signal corresponding to the lateral 
5 acceleration ? and utput from th lateral acceleration sensor II 2 in the vehicle behavior sensor II, and a 
signal corresponding to the rainfall r and output from the raindrop sensor VII, in addition to the signals used 
in the first embodiment, i.e., the signal corresponding to the steering angle 5, the signal corresponding to 
the steering angular velocity 6, and the signal corresponding to the vehicle velocity u 0 . 

The feedback signal operating means lll 2 divides the input data into the signal corresponding to the yaw 
10 rate y, a signal representing a pseudo yaw angle y through the primary delay filter Ul^, a signal representing 
the lateral velocity y through the integrator on the basis of the signal corresponding to the lateral accel- 
eration y, and a signal representing a pseudo lateral displacement y through the primary delay filter Ilia. 

The input port 201 of the gain changing means lll 4 determines the state of the vehicle on the basis of 
the input signals. The input port 201 replaces the input signals Into the coefficients W 1f W 2l W 3 , and W 4 
15 which continuously change between 0 and 1 so as to correspond to human evaluation values representing 
the degree of the vehicle velocity u 0 , the degree of the steering angle 8, the degree of the steering angular 
velocity 8, and the degree of the rainfall r in the following logical sequences : 

(I) If the vehicle velocity u 0 is high or the rainfall r is large, stability is improved. 

(II) If the vehicle velocity Uo is not high and the rainfall r is small, the following rules are applied. 
20 (111) If the absolute value |S| of the steering angle is large, the response time is shortened. 

(IV) If the absolute value |S| of the steering angle Is small, stability is improved. 

(V) If the absolute value \S\ of the steering angle Is relatively large and the absolute value |8| of the steer- 
ing angular velocity is targe, the response time is shortened. 

(VI) If the absolute value |S| of the steering angle is relatively large and the absolute value |5| of the 
25 steering angular velocity is small, stability is improved. 

The "improvement of stability" here indicates that the vehicle can maintain the proper route even if dis- 
turbance such as a side wind acts on the vehicle. The "shortening of the response time" here indicates that 
the vehicle quickly responds to the driver's operation so as to, e.g., immediately change the lane when the 
driver wants to detour an obstacle. 

30 The logical sequences (I) to (VI) are performed by calculations Mi = W 1 x W 2 x W 4 and M 2 = Wi x W 3 
x W 4 . A contribution index, i.e., the truth value M is determined by using the maximum values of the coef- 
ficients Mi and M 2 . Optimal gain values are then determined in accordance with the truth value M. 

The optimal gains G 10 , G 20f G30, G40, G M and Geo for truth value M = 0 and the optimal gains On, G 2 1, 
G 3 i, G 4 i, G fi1 and G^ for truth value M ■ 1 are prestored in the memory 203. The optimal gain values are 

35 calculated by the arithmetic and logic unit 202. 

The coefficients Ni and N 2 are calculated to weight the optimal gain values calculated by the arithmetic 
and logic unit 202 so as to set the response characteristics of the vehicle for the variables representing ve- 
hicle behaviors constant The coefficients Ni and N 2 are multiplied with the calculated optimal gain values 
to keep the vehicle response time for the steering wheel angle constant. 

40 The calculated optimal gain values as the optical gain outputs G, (i ■ 1 to 6) from the output port 204 
in the gain changing means III 4 are input to the first and second coefficient circuits III 12 and lll 16 in the feed 
forward signal operating means Illi and the four coefficient circuits lll 21 , 11!^, 111^ and lll^ in the feedback 
signal operating means lll 2 . The coefficient circuits provides optimal gains for the signals 5, 5, y, y, y and 
y, respectively. 

45 The feed forward signal operating means Illi outputs the feed forward signal 5+Gi - 8+G 2 • 8 to the control 

signal operating means lll 3 in the same manner as in the first embodiment 

The adder IH25 in the feedback signal operating means Nl 2 adds a signal G 3 • y obtained by multiplying 

the yaw rate signal y with the optimal gain G 3l a signal G 4 • y obtained by multiplying the pseudo yaw angle 

signal y with the optimal gain G 4( a signal^ • y obtained by multiplying the lateral acceleration signal y 
so and the optimal gain G 5 , and a signal G e • yobtained by multiplying the pseudo IateraJ[ displacement signal 

y with the optimal gain G 6 and outputs the feedback signal G 3 • y+G 4 • y+G 6 • y+Ge • y to the control signal 

operating means ill 3 . 

The driving means IV drives the actuator V in accordance with the signal 8f from the control signal 
operating means lll 3 : 

55 . A A 

8f = 5 + Gi • 8 +G 2 • 5 + G 3 • y + G 4 • y + G 6 - + G 6 • y 
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The actuator V drives the front wheel steering mechanism V 1 to perform predetermined steering control. 

The variables representing the vehicle travel and the vehicle behaviors are instantan ously detected 
to provide optimal front wheel steering control angle 8, and the coefficients gi are determined by contribution 
degrees. An instantaneous state feedback control system including the factors of the driver can be provided. 
5 Therefore, the driver can perform optimal steering wheel angle c ntroi. 

Since signals input to the control means Include the rainfall r from the raindrop sensor VII, the yaw rate 
y, and the lateral acceleration y. When the road is slippery, an auxiliary steering angle may be added to 
the above value. The response and stability characteristics of the vehicle can be adjusted without imposing 
a metal load on the driver, and optimal steering angle control can be performed so as to satisfy the weather 
10 and road conditions, and optimal steering angle control can be performed so as to satisfy the weather and 
road conditions. 

Modification 

is The apparatuses for controlling steering of wheels of a vehicle are applied to the apparatuses for con- 
trolling steering of front wheels of the vehicle in the first and second embodiments. However, an apparatus 
for controlling steering of wheels of a vehicle may be applied to an apparatus for controlling steering of rear 
wheels of a vehicle. 

The apparatus for controlling steering of wheels of a vehicle according to the first embodiment which 
20 belongs to the fifth and seventh modes is applied to an apparatus for controlling steering of rear wheels of 
a vehicle. This modification will be described with reference to Fig. 24. 

Differences between the modification and the first embodiment are concentrated. 

A driving means IV comprises an amplifier IV 1 for receiving the steering control signal output from the 
control means III, I.e., a signal corresponding to a rear wheel steering angle, and for converting it into an 
25 actuator drive signal. 

An actuator means V converts the signal output from the driving means IV into a rear wheel steering 
angle and comprises a rear wheel steering mechanism V30, an oil-assisted mechanism V 2 , and a stepping 
motor V 3 . 

The rear wheel steering mechanism V30 comprises rear wheels 531, knuckles 532, knuckle arms 533, 

30 rods 534, a gear box 535 and a hydraulic piston 536. 

The oil-assisted mechanism V 2 comprises a hydraulic pump 521, a releaf valve 522 for maintaining an 
oil pressure at a predetermined pressure, an accumulator 523 for suppressing variations in oil pressure in 
the hydraulic pump 521, a servo valve 525 for determining a direction for supplying an oil to the hydraulic 
piston 536, an oil supply path 526 for supplying the oil pressure to the hydraulic piston 536, an oil return 

35 path 527 for returning the oil discharged from the hydraulic piston 536 and the oil leaking from the releaf 
valve 522, and an oil tank 528 for storing the oil to be used in the oil-assisted mechanism. 

The rear wheels 531 are rotatably supported on the vehicle body through knuckles 532. The knuckle 
arms 533 are coupled through the rods 534 and the hydraulic piston 536. The stepping motor V 3 is operated 
by a signal corresponding to the rear wheel steering angle and output from the driving means IV. The step- 

40 ping motor V 3 drives the servo valve 525 and also drives the rods 534 through the gear box 535 in the right- 
and-left direction. By these mechanisms, the stepping motor V 3 drives the rods 534 in the right or left 
direction in response to the signal from the driving means IV. The compressed oil from the oil supply path 
526 is supplied to one chamber of the hydraulic piston 536 upon operation of the servo valve 525. The other 
chamber communicates with the oil tank 528 through the oil return path 527. The hydraulic piston 536 is 

45 driven to assist the power acting on the stepping motor V 3 . Therefore, the rear wheels 531 can be steered 
In the right or left direction. 

A front wheel steering mechanism V 10 comprises front wheels 511, steering linkages 512, rods 51 3, a 
rack 51 5, and a pinion 51 6. The front wheels 51 1 are rotatably supported on the vehicle body through the 
steering linkages 512. The steering linkages 512 are coupled through the rods 51 3 and the rack 51 5. When 

so the driver turns the steering wheel, the pinion 516 Is rotated. The rotational movement of the pinion 516 is 
converted into linear movement by the rack 515. The rods 513 can be moved in the right or left direction, 
thereby steering the front wheels 51 1 through the steering linkages 512 In the right or left direction. 

The v hide velocity sensor VI is mounted on the output shaft of the transmission. This sensor VI detects 
the vehicle velocity u 0 and outputs a signal representing the vehicle velocity u 0 . 

55 With the above op rations, the rear wh els 51 1 are steered in accordance with a steering control signal 
obtained by calculating a difference or a sum of the feed forward signal derived from the steering angle 5 
and the steering angular velocity 8, and th feedback signal derived from th vehicle yaw rate y. 

In the apparatus for controlling steering of the rear wheels of the vehicle, gains G 10 . G20. and G M for 
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M = 0 and gains G 11v G 21 , and G 31 for M = 1, which are stored in th microcomputer 200 In th controlmeans 
III, are different from those in the first embodim ntHowev r.thesam algorithms can be us d, and optimal 
rear wheel steering angles corresponding to various states can be generated. 

Similarly, the apparatus of the second embodim nt can also be applied to an apparatus for controlling 
5 steering of rear wheels of a vehicle. 

The apparatus may be used for both the front and rear wheels, although such an application is not des- 
cribed above. 

If four-wheel drive control Is performed, two sets of gain values for the front and rear wheels must be 
stored In the microcomputer 200 in the control means III, and the apparatus of the first or second embodi- 
10 ment Is combined with that of the modification. 

Third Embodiment 

An apparatus for controlling steering of wheels of a vehicle according to a third embodiment which 

1 5 belongs to the eleventh mode of the present invention will be described with reference to Figs. 25 and 26. 
An apparatus for controlling steering of wheels of a vehicle according to this embodiment is applied to 
an apparatus for controlling steering of front wheels of the vehicle. This apparatus basically beiongs to the 
eleventh mode shown in Fig. 14 and comprises a steering sensor I, a vehicle behavior sensor II. a control 
means HI, a driving means IV, an actuator means V, and a vehicle state detection sensor VI. 

20 The steering sensor I is coaxial with the steering wheel to measure a steering angle of the steering 
wheel, as shown in Fig. 25. 

The vehicle behavior sensor II comprises a yaw rate sensor for detecting a yaw rate y of the vehicle 
and outputting a signal representing the yaw rate y, and a lateral acceleration sensor ll 2 for detecting a 
lateral acceleration y of the vehicle and outputting a signal representing the lateral acceleration y. The ve- 

25 hide behavior sensor II is mounted at the center of gravity of the vehicle. 

The control means III comprises a feed forward signal operating means Mi, a feedback signal operating 
means lll 2 , a control signal operating means lll 3 , and a gain changing means III 4 . 

The feed forward signal operating means llh comprises : a steering angle signal circuit llln for trans- 
mitting, without modifications, an electrical signal corresponding to the steering angle 8 and output from the 

30 steering sensor I ; a steering angle signal operating circuit Hl 13 provided with a first coefficient circuit lll 12 
for multiplying with the signal corresponding to the steering angle 6 and output from the steering sensor 
I ; a steering angular velocity signal operating circuit lll 16 provided with a differentiator lll u for calculating a 
signal corresponding to a steering angular velocity 8 on the basis of the signal corresponding to the steering 
angle 8 and output from the steering sensor I and a second coefficient circuit 1II 16 for multiplying with G 2 the 

35 signal corresponding to the steering angular velocity 8 and output from the differentiator lll 14 ; and an adder 
lll 17 for adding the signals output from the first and second coefficient circuits lll 12 and lil 16 and the signal 
output from the steering angle signal circuit lllu* 

The feedback signal operating means III 2 comprises a vehicle behavior state variable signal circuit III22 
provided with four coefficient circuits IH 21l IH^, HI*, and lll 27l primary delay filters lll 24 , Mm, and III29, an adder 

40 lltisfor adding the signals outputfrom the coefficient circuits lll 21 and lll^, an adder III30 for adding the signals 
output from the coefficient circuits lll 26 and lll^, and an adder lll 20 for adding the signals output from the 
adders Hl 26 and lll 30 . A 

The primary delay filter III;* outputs a pseudo yaw angle y corresponding to a yaw angle signal y on 
the basis of the vaw rate signal y from the yaw rate sensor ll 1a The primary delay filter III29 oytputs a pseudo 

45 lateral velocity y corresponding to the lateral velocity y on the basis of the lateral acceleration signal A from 
the lateral acceleration sensor ll 2 . The primary delay filter lib outputs a pseudo lateral displacement y cor- 
responding to the lateral displacement £ on the basis of the pseudo lateral velocity signal y. 

The control signal operating means ill 3 comprises an adder/subtracter lll 31 for calculating a difference 
or a sum of a feed forward control signal output from the feed forward signal operating means Illi and a 

so feedback signal output from the feedback signal operating means lll 2 . 

The gain changing means III 4 comprises a microcomputer 200. The microcomputer 200 comprises : an 
Input port 201 for receiving the signal corresponding to the yaw rate the signal corresponding to the ve- 
hicle velocity u 0 , and the signal corresponding to the steering control signal as an output from the 
adder/subtracter lll 31 ; an arithmetic and logic unit 202 for estimating the variables representing the v hide 

55 b haviors and friction \i between the vehicle wheels and the road surface and for calculating optimal gains 
as a result of estimation ; a memory 203 for storing algorithms for and operation results of the arithmetic 
and logic unit 202 and vehicl specifications ; and an output port 204 for outputting optimal gains selected 
by the arithmetic and logic unit 202. 

27 



EP 0 278 366 B1 

The functions of the microcomputer 200 will be described in detail with reference to a flow chart in Fig. 

26. 

When th driver turns on the Ignition key, the programs in th microcomputer 200 are started, and initiali- 
zation is performed (P1). In the initialization routine P1, hardware such as an AID converter and a D/A con- 
5 verter and software such as control parameters are initialized. a 

When initialization routine P1 is completed, the yaw rate y from the vehicle behavior sensor the 
steering control signal as an output from the adder/subtracter lll 31v and the vehicle velocity u 0 from the ve- 
hicle state detection sensor VI are fetched by the microcomputer 200 through the AID converter (P2). 

Coefficients (equations (7) and (8) of a yaw rate estimation model, i.e., equation (8) are obtained on 
10 the basis of the vehicle velocity u 0 and the vehicle specifications. The coefficients and the steering control 
signal as an output from the adder/subtracter lll 31 are used to solve equation (8), thereby obtaining an esti- 
mated value y m of the vehicle yaw rate (P3). 

The microcomputer 200 calculates the change points (e.g., the peak values of the signals and their 
phases) of the corresponding signals \jr and y m which are respectively the yaw rate y input from the AID 
is converter and the estimated yaw rate value y m obtained in program P3 (these signals are generated by the 
given steering control signal) (P4). 

The friction value |i is estimated by program P5 by the peak value phase difference obtained in program 
P4. More specifically, the peak value phase difference obtained in program P4 exceeds a given threshold 
value (e.g., 90°), the friction value \i is determined to be small, and the flow advances to the next step. How- 
20 ever, the peak value phase difference is smaller than the threshold value, a peak ratio yty m is calculated. 
The coefficients of the \x estimation equation (16) are estimated by equations (7) and (13) using the vehicle 
specifications and the vehicle velocity u 0 . Equation (16) is solved using the coefficients and the peak ratio 
to estimate n. 

Optimal coefficients for the \i value estimated in program P5 and the vehicle velocity u 0 are determined 
25 and are output to the coefficient circuits lll 12 , III15, III21, M23. III2B- and M27 The flow then returns to pro- 
gram P2. 

The driving means IV comprises a subtracter !V n for calculating a difference between the steering con- 
trol signal output from the control means III, i.e., the signal corresponding to the front wheel steering angle 
and the signal output from a rod displacement meter 514 included in the actuator means V, and an amplifier 
30 IV 2 for converting the difference signal into a signal to be output to the servo valve 525 included in the 
actuator means V. 

The actuator means V changes the signal from the driving means IV into a front wheel steering angle 
and comprises a front wheel steering mechanism V 10 and an electrohydraulic control mechanism V20. 
The front wheel steering mechanism V 10 comprises front wheels 51 1 , steering linkages 512, rods 513, 

35 and the rod displacement meter 514. 

The electrohydraulic control mechanism V 20 comprises a hydraulic pump 521 , a releaf valve 522 for 
maintaining an oil pressure at a predetermined pressure, an accumulator 523 for suppressing variations in 
oil pressure in the hydraulic pump 521, a hydraulic piston 524, a servo valve 525 for determining a direction 
for supplying an oil to the hydraulic piston 524, an oil supply path 526 for supplying the oil pressure to the 

40 hydraulic piston 524, an oil return path 527 for returning the oil discharged from the hydraulic piston 524 
and the oil leaking from the releaf valve 522, and an oil tank 528 for storing the oil to be used in the elec- 
trohydraulic control mechanism V 20 . 

The front wheels 511 are rotatably supported on the vehicle body through the steering linkages 512. 
The steering linkages 512 are coupled through the rods 513 and the hydraulic piston 524. The servo valve 

45 525 is controlled by a signal corresponding to a difference between the front wheel steering angle signal 
from the driving means IV and the output from the control means ML In other words, the servo valve 525 Is 
controlled by the front wheel steering angle deviation signal. The compressed oil, which is controlled at a 
predetermined pressure by the hydraulic pump 521 , the releaf valve 522, and the accumulator 523 is sup- 
plied to one chamber of the hydraulic piston 524 through the oil supply path 526 by the servo valve. The 

50 other chamber communicates with the oil tank 528 through the oil return path 527 to drive the hydraulic pis- 
ton 524. The front wheels 51 1 can be steered In the rig ht or left direction through the rods 51 3 and the steer- 
ing linkages 512. 

The vehicle state detection sensor VI comprises a vehicle velocity sensor mounted on th output shaft 
of the transmission. The vehicle velocity sensor detects the vehicl velocity u 0 and outputs a signal repre- 
ss senting the vehicle velocity u 0 . 

The function and the effect of this embodiment having the above arrangement will b described below. 

The outputs from the steering sensor I for measuring the steering angle of the steering wheel and the 
vehicle behavior sensor II provided with the yaw rate s nsor for outputting the yaw rate y and the lateral 
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acceleration sensor Il 2 for measuring a lateral acceleration of the vehicle are input to the feed forward signal 
operating means 11^ and th f edback signal operating means lll 2 In the control means III. 

The feed forward signal operating means Ul-t divides th input signals into the signal corresponding to 
the steeling angl 8, and the signal corresponding to the steering angular velocity 8 through the differentiator 
5 lll u . 

The feedback signal operating means lll 2 divides the input signals into the signal corresponding to the 
yaw rate y, a signal representing a pseudo yaw angle y through the primary delay filter III24, a signal rep- 
resenting a pseudo lateral velocity y through the primary delay filter lib on the basis of the signal corre- 
sponding to the lateral acceleration 9, and a signal representing a pseudo lateral displacement y through 
10 the primary delay filter 111^. 

The input port 201 in the gain changing means IIU receives the signal corresponding to the yaw rate y 
and output from the yaw rate sensor Hi in the vehicle behavior sensor and the signal corresponding to the 
lateral acceleration y and outputfrom the lateral acceleration sensor ll 2 in addition to the signal correspond- 
ing to the steering control signal and outputfrom the adder/subtracter IH 31 and the signal corresponding to 
15 the vehicle velocity u 0 . 

The gain changing means IH4 estimates the yaw rate of the vehicle on the basis of the input signals, 
compares the estimated value with the peak value of the actual yaw rate to estimate p, and calculates opti- 
mal gains corresponding to the current vehicle states by using the estimated \i value and the vehicle velocity 
u 0 . 

20 The calculated optimal gain values as the optimal gain outputs G { (i = 1 to 6) from the output port 204 
in the gain changing means III4 are input to the first and second coefficient circuits III 12 and !ll 15 in the feed 
forward signal operating means and the four coefficient circuits III 21( lli 23 , a Ill^e, and III^ in the feedback 
signal operating means ll! 2 . Therefore, the optimal gains for the signals 8, 8, y, y, and y can be provided. 
The adder lll 17 in the feed forward signal operating means lilt adds a signal G t • 8 obtained by multiplying 

25 the steering angle signal 8 with the optimal gain and a signal G 2 • 8 obtained by multiplying the differential 
value signal 8 of the steering angle with the optimal gain G 2 and outputs a feed forward signal 8+Gi • 5+G 2 
• 8 to the control signal operating means lll 3 . 

The adder III 25 in the feedback signal operating means Hl 2 adds a signal G 3 • y obtained by multiplying 
the yaw rate signal y with the optimal gain G 3l a signal G 4 - y obtained by multiplying the pseudo yaw angle 

30 signal y with the optimal gain G 4l a signal G 6 - y obtained by multiplying the pseudo lateral velocity signal 
X with the optimal gain G 6f and a signal Ge * y obtained by multiplying the pseudo lateral displacement signal 
y with the optimal gain G 6 and outputs a feedback signal G 3 -v+G 4 -v+G 5 -y+G 6 y to the control signal operat- 
ing means IN 3 . 

The driving means IV drives the actuator means V in accordance with the steering control signal Sf from 
35 the control signal operating means III 3 : 

Sf = 8+G r 8+G 2 -8+G 3 -Y + G4-V + G5-y+Ge-y 

The actuator V drives the front wheel steering mechanism V 10 to perform predetermined steering control. 

40 The optimal front wheel steering control angles Sf instantaneously detect the variables representing the 
vehicle travel and the vehicle behaviors to determine coefficients G t according to the degrees of contribution. 
A feedback control system for instantaneous states including the factors of the driver can be arranged to 
perform optimal steering angle control for the vehicle driven by the driver. At the same time, the coefficients 
Gi (i = 1 , 2 to 6) are determined by the estimated (i value and the vehicle velocity u 0 after the friction value 

45 \i between the vehicle wheels and the road surface is estimated during steady traveling of the vehicle. For 
this reason, an auxiliary steering angle may be added in an abnormal state, for example, a slippery road. 
Even If the driver does not notice changes in vehicle wheels or the road surface, vehicle controllability and 
stability can be automatically controlled, thereby achieving optimal steering angle control corresponding to 
given weather and road conditions. 

50 

Fourth Embodiment 

An apparatus for controlling steering of wheels of a vehicle according to a fourth embodiment which 
belongs to the twelfth mode of the present invention will b described with ref r nc to Figs. 27 to 34. Dlf- 
55 f rences betwe n the third and fourth embodiments are concentrated. 

The apparatus for controlling steering of wheels of a vehicle according to the f urth embodiment is 
applied to an apparatus for controlling steering of front wheels of a vehicle. This apparatus basically belongs 
to the twelfth mod shown in Fig. 15 and comprises a steering sensor I, a vehicle behavlorsensor li, a control 
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means III, a driving means IV, an actuator means V, and vehicle state detection sensors VI. 

The vehicle behavior sensor II comprises a yaw rate sensor Hi for detecting an angular velocity around 
th center of gravity of the vehicle and a lateral acceleration sensor 1 1 2 for measuring a lateral acceleration 
of the vehicle, as shown in Fig. 27. 
5 The sensor VI ford tecting the vehicle travel state variables with the vehicle travel comprises a vehicle 

velocity sensor Vl 0 mounted on the output shaft of the transmission to detect the vehicle velocity u 0 and 
output a signal representing the vehicle velocity u 0 , vehicle wheel angular velocity sensors Vln (i ■ 1, 2, 3, 
4) for measuring angular velocities of the respective vehicle wheels, and load sensors Vl e (i = 1, 2, 3, 4) 
for measuring loads acting on the respective vehicle wheels. 
10 The control means III comprises a feed forward signal operating means I Ih , a feedback signal operating 
means Hl 2f a control signal operating means lll 3l and a gain changing means III*. 

The coefficient circuits lll 2 i. W23. Mm and lll 27 multiply the corresponding signals with a yaw rate feed- 
back gain G 3 , a yaw angle feedback gain G 4 , a lateral velocity feedback gain G 5 and a lateral displacement 
feedback gain G* respectively. The adders III20. III25 and lll 3 o are used to add the signals output from the 
15 four coefficient circuits 1H 2 1, IU23, HI26 and III27- 

The control signal operating means III 3 comprises an adder/subtracter lll 31 for calculating a difference 
or a sum of the signal output from the feed forward signal operating means III 1 and the signal output from 
the feedback signal operating means lll 2 . 

The gain changing means lll 4 comprises a microcomputer 200. The microcomputer 200 comprises : an 
20 input port 201 for receiving the signal corresponding to the yaw rate y, the signal corresponding to the ve- 
hicle velocity u 0t the signal corresponding to each vehicle wheel angular velocity, the signal corresponding 
to each vehicle wheel load, and the signal corresponding to the steering control signal as an output from 
the adder/subtracter III 31 ; an arithmetic and logic unit 202 for estimating signals for variables representing 
vehicle behaviors and the \i value between the vehicle wheels and the road surface, for calculating the siip 
25 ratios of the wheels on the basis of the respective input signals, and for calculating optimal gains as a result 
of the above estimation operations ; a memory 203 for storing vehicle specifications, and algorithms and 
operation results of the arithmetic and logic unit 202 ; and an output port 204 for outputting the optimal gains 
selected by the arithmetic and logic unit 202. 

The functions of the microcomputer 200 will be described with reference to a flow chart in Fig. 28. 
so When the driver turns on the ignition key, the programs in the microcomputer 200 are started, and initiali- 
zation is performed (P21). In initialization routine P21, hardware such as an A/D converter and a D/A con- 
verter and software such as control parameters are initialized. 

When initialization routine P21 is completed, the microcomputer 200 fetches the yaw rate y from the 
vehicle behavior sensor, the vehicle velocity u 0 from the vehicle velocity sensor Vl 0 , the respective vehicle 
35 wheel angular velocities from the vehicle wheel angular velocity sensors VI n (i = 1, 2, 3, 4), and the res- 
pective vehicle wheel loads from the load sensors Vl e (i = 1, 2, 3, 4), and the steering control angle Sf as 
an output from the adder/subtracter lll 31 through the AID converter (P22). 

The coefficients (equations (7) and (8)) of yaw rate estimation model (8) are calculated on the basis of 
the vehicle velocity u 0 and the vehicle specifications. The resultant coefficients and the steering control sig- 
40 nal as an output from the adder/subtracter lll 3 t are used to solve equation (8) to obtain an estimated value 
\Jr m of the vehicle yaw rate (P23). 

The corresponding signal change points (i.e., the peak values and their peak phase values) of the yaw 
rate v input from the A/D converter and the estimated value y m obtained in program P23 are calculated 
(P24). 

45 The friction value p, is estimated by the peak value phase difference obtained in program P24 (P25). 
More specifically, when the peak value phase difference obtained in program P24 exceeds a given threshold 
value (e.g., 90°), the microcomputer 200 determines that the friction value \i is small. In this case, the flow 
advances to the next step. However, if the peak value phase difference is smaller than the threshold value, 
a peak ratio yty m is calculated. The coefficient of p. estimation equation (16) is calculated by equations (7) 
so and (13) using the vehicle specifications and the vehicle velocity u 0 . The resultant value and the peak ratio 
are used to solve equation (16) to estimate ji. 

The slip ratio is calculated on the basis of the vehicle velocity u 0 read in program P22 and the respective 
vehicle wheel angular velocities (P26). 

Optimal coefficients are selected from the map for the estimated \i values obtained in P25, the slip ratios 
55 calculated in P26, and the vehicle velocity u 0 . The selected optimal coefficients are output to the coefficient 
circuits lll 12f IH15, M21, IH231 Wm. and III27 (P27), respectively. The flow returns to P22. 

The contents of P27 will be described in more d tail with reference to a flow chart in Fig. 29. 

When the driver turns on the ignition key, program P27 is started and various initial values are set 
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(P271). 

The estimated p, value and the slip ratios are read (P272). 

The state between the wheels and the road surface is determined (P273). More specifically, the esti- 
mated, n value Is corrected and weighted (e.g., Fig. 30), and the corrected value is classified (e.g., Fig. 31) 
5 The slip ratios are corrected and weighted (e.g., Fig. 32). A smaller one of the resultant values is used as 
a decision value G\x between the wheels and the road surface. 

The vehicle velocity u 0 is read (P274). 

The vehicle velocity u 0 is classified (e.g., Fig. 33), and the resultant value serves as G^ (P275). 
The coefficients of the coefficient circuits are determined (P276). The signal G\i as an output in P273 
10 and the signal G u as an output in P275 are used to calculate the coefficients with reference to the map shown 
in Fig. 34. 

The resultant optimal coefficients are output to the corresponding coefficient circuits (P277). in this 
embodiment, abrupt changes in coefficients decided in P276 are prevented as follows. If a difference be- 
tween the current coefficients and the updated coefficient is smaller than a maximum value of a predeter- 

15 mined coefficient change value, the current coefficient is replaced with the updated coefficient. However, 
the above difference exceeds the maximum value, the coefficient updating range corresponds to the 
maximum value. In this case, the current coefficient is converged stepwise to an optimal coefficient Alter- 
natively, the updated coefficient is filtered through a stable primary delay filter which has the current coef- 
ficient as the initial value, thereby further updating the updated coefficient 

20 The arrangements of the driving means IV, the actuator means V, and the front wheel steering mechan- 
ism V 10 are the same as those of the third embodiment 

The function and the effect of the fourth embodiment having the above arrangement wiii be described 
below. 

The input port 201 in the gain changing means III* receives the signal corresponding to the yaw rate y 
25 and output from the yaw rate sensor \U in the vehicle behavior sensor, the signals corresponding to the ve- 
hicle wheel angular velocities and output from the vehicle wheel angular velocity sensors VI M (i = 1, 2, 3, 
4) and the signals corresponding to the vehicle wheel loads and output from the load sensors VI ^ (1 = 1,2, 
3, 4) in addition to the signal corresponding to the steering control signal as an output from the 
adder/subtracter lll 3 i and the signal corresponding to the vehicle velocity u 0 . 
30 The gain changing niQans III 4 estimates the yaw rate of the vehicle on the basis of the input signals, 
compares the estimated value with the peak value of the actual yaw rate to estimate p, and calculates opti- 
mal gains corresponding to the current vehicle state on the basis of the estimated \x value and the vehicle 
velocity u 0 . 

The calculated optimal gain values as the optimal gain outputs G t (I =A to 6) from the output port 204 
35 in the gain changing means lll 4 are input to the first and second coefficient circuits lll 12 and iil 15 In the feed 
forward signal operating means f 1 1 ^ and the four coefficient circuits !H 2 i, IHjb, W26. and Jll 2 7 in the feedback 
signal operating means Ill 2 . These optimal gains serve as those for the signals 6, 6, y, y, y, and y, respect- 
ively. 

The adder lll 17 in the feed forward signal operating means 111 1 adds a signal G< • 5 obtained by multiplying 
40 the steering angle signal 8 with the optimal gain G 1 and a signal G 2 • 5 obtained by multiplying the differential 

value signal 8 of the steering angle with the optimal gain G 2 and outputs a feed forward signal 5+Gi - 6+G 2 

- 8 to the control signal operating means III 3 . 

The adder III25 in the feedback signal operating means Hl 2 adds a signal G 3 • y obtained by multiplying 

the yaw rate signal y with the optimal gain G 3 , a signal G 4 • y obtained by multiplying the pseudo yaw angle 
45 signal y with the optimal gain G 4f a signal G 6 • y obtained by multiplying the pseudo lateral velocity signal 

j^with the optimal gain G 6 , and a signal Ge • y obtained by multiplying the pseudo lateral displacement signal 

y with the optimal gain G« and outputs a feedback signal G 3 • y+G 4 - y+G 6 - y+Ge • y to the control signal 

operating means lll 3 . 

The driving means IV drives the actuator means V in accordance with the operation control signal 8r 
so from the control signal operating means lll 3 : 

8f = 8+G r 8+G 2 -8+G 3 .y+G4-y + G5 .y+G e y 

The actuator means V drives the front wheel steering mechanism V 10 to perform predetermined steering 
65 control. 

The optimal front wheel steering control angles Sf instantaneously detect the variables representing the 
vehicle and the vehicle behaviors and give the coefficients G t according to the degrees of contribution, 
thereby constituting a feedback control system for controlling instantaneous states including the factors of 
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the driver. Therefore, optimal steering angle control can be performed for the vehicle driven by th driv r. 
At th same time, the coefficients Gj (I = 1, 2 to 6) are determined by the estimated \i value during steady 
traveling and the slip ratio of each vehicle wheel and the vehicle velocity u 0 . In this case, the estimated n 
value is determined such that the estimated value of the yaw rate generated on the smooth road is compared 

5 with the actual yaw rate. When the vehicle travels in an abnormal state, e.g., on a slippery road, an auxiliary 
steering angle can be added. Zig-zag traveling or a spin caused by slipping during straight driving free from 
the yaw rate can be prevented. When the driver does not notice changes in vehicle wheel and road surface 
conditions, or atthe time of rapid start or stop, the dynamic characteristics of the vehicle can be automatically 
controlled, and optimal steering angle control corresponding to given weather and road conditions can be 

10 performed. 

Fifth Embodiment 

An apparatus for controlling steering of wheels of a vehicle according to a fifth embodiment which 
15 belongs to the eleventh, twelfth, thirteenth, and fourteenth modes of the present Invention will be described 
in detail with reference to Figs. 35 and 36. Differences between the fifth and fourth embodiments are con- 
centrated. 

The apparatus of this embodiment Is applied to an apparatus for controlling steering of front wheels of 
the vehicle. The apparatus belongs to the eleven mode shown in Fig. 4 and comprises a steering sensor I, 
20 a vehicle behavior sensor II, a control means III, a driving means IV, an actuator means V, and a vehicle 
state detection sensor VI. 

The vehicle state detection sensor VI comprises a vehicle velocity sensor Vl 0 , vehicle wheel angular 
velocity sensors VI M (i = 1 , 2, 3, 4) for measuring the respective vehicle wheel angular velocities, load sen- 
sors Vl tt (i = 1, 2, 3, 4) for measuring the respective vehicle wheel loads, and road surface shape sensors 
25 Via (i ■ 1 , 2, 3, 4), as shown in Fig. 35. 

The gain changing means ll! 4 comprises a microcomputer 200. The microcomputer 200 comprises : an 
input port 201 for receiving a signal corresponding to a yaw rate y, a signal corresponding to a vehicle 
velocity u 0 , a signal corresponding to a steering control signal as an output from an adder/subtracter III 31 , 
signals corresponding to the vehicle wheel angular velocities, signals corresponding to the vehicle wheel 
30 loads, and signals corresponding to the road surface shapes ; an arithmetic and logic unit 202 for estimating 
vehicle behavior variables, a friction value \x between each wheel and the road surface, calculating a slip 
ratio of each vehicle wheel, and determining the road surface shapes and abnormalities of the sensors on 
the basis of the input signals, and for calculating optimal gains of the above operations ; a memory 203 for 
storing vehicle specifications and the algorithm for and operation results of the arithmetic and logic unit 202, 
35 and an output port 204 for outputting the optimal gains selected from the arithmetic and logic unit 202. 

The functions of the microcomputer 200 will be described in detail with reference to a flow chart in Fig. 

36. 

When the driver turns on the ignition key, the programs in the microcomputer 200 are started and initiali- 
zation (P31) is performed. In initialization routine P31, hardware such as an A/D converter and a D/Acon- 
40 verier and software such as control parameters are initialized. 

When initialization routine P31 is completed, the microcomputer 200 receives the yaw rate y from the 
yaw rate sensor H 1a the steering control signal as an output from the adder/subtracter Hl 31 , the vehicle 
velocity u 0 from the sensor VI, and the vehicle wheel angular velocity and load signals and road surface 
shape signals or signal like road surface shape (e.g., sprung relative displacements and velocities) through 
45 the A/D converter (P32). 

When all signals are fetched in P32, the microcomputer 200 determines the road surface shapes on 
the basis of the outputs from the road surface shape sensors Vl l3 (I = 1, 2, 3, 4) (P33). If the road surface 
is determined to be a rough road surface, the flow advances to program P39 without executing the following 
routine. 

so If the road surface is determined in P33 not to be a rough road surface, the microcomputer 200 deter- 
mines whether output values from the steering angle sensor and the vehicle behavior sensor are abnormal 
(P34). In this case, the following operations are performed to determine : (i) whether the sensor output 
values exceed a predetermined value which is the upper limit for possible vehicle motion ; and (ii) whether 
the sensor output values do not contradict with other conditions. If the above conditions are satisfied and 

55 the sensor utputs are determined to be abnormal, the flow advances to program P39 without executing 
th following routine. 

The coefficients of vehicle yaw rate estimation model (B) (equations (7) and (8)) are calculated on the 
basis of the vehicle velocity u 0 , the vehicle wheel loads, and the vehicle specifications. The resultant coef- 
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ficient values and the steering control signal as an output from the adder/subtracter lll 3 i are used to solve 
equation (8) to obtain an estimated value y m of the vehicle yaw rate (P35). 

The corresponding signal change points (i.e., the peak values and peak phase values) of the yaw rate 
xjr Input from the A/D converter and the estimated value y ro obtained In P35 are calculated (P36). 
5 The friction value \i is estimated by the peak value obtained in P36 (P37). More specifically, if the peak 
value phase difference obtained in P36 exceeds a threshold value (e.g., 90°), the microcomputer 200 deter- 
mines that the friction value \i is small and the flow advances to the next step. However, the peak value 
phase difference is smaller than the threshold value, a peak ratio yf\y m is calculated. The coefficient of the 
\i estimation equation (16) Is calculated by equations (7) and (13) using vehicle specifications and the ve- 
to hide velocity u 0 . The resultant coefficient value and the peakratio are used to soive equation (1 6) to estimate 

The slip ratios are calculated using the vehicle velocity u 0 read in P32 and the respective vehicle wheel 
angular velocities (P38). 

Optimal coefficients are selected for the estimated \i values estimated in P37, the slip ratios calculated 
is in P38 ? the vehicle velocity u 0v the rough road determination result, and the sensor abnormality determi- 
nation result and are output to the coefficient circuits lil 12 , lll 16l lll 2 i, IH23. Hfee. and lib (P39). Thereafter, 
the flow returns to P32. 

The driving means IV, the actuator means V, and the vehicle velocity detection sensor Vl 0 have the 
same arrangements as in the fourth embodiment. 
20 The function and the effect of the fifth embodiment having the above arrangement will be described 
below. 

The input port 201 in the gain changing means 111* receives the signal corresponding to the yaw rate y 
and output from the yaw rate sensor II1 in the vehicle behavior sensor ll, the vehicle wheel angular velocity 
signals output from the vehicle wheel angular velocity sensors Vln (I = 1, 2, 3, 4), the vehicle wheel load 

25 signals output from the load sensors Via (i 55 1, 2, 3, 4), and the road surface shape signals from the road 
surface shape sensors Vfa (i * 1, 2, 3, 4) in addition to the signal corresponding to the steering control sig- 
nals as an output from the adder/subtracter lll 31 and the signal corresponding to the vehicle velocity u 0 . 

The gain changing means III 4 calculates optimal gains on the basis of the input signals in the same man- 
ner as in the third embodiment The optimal gain outputs G, (I ■ 1 to 6) appear at the output port 204 in the 

30 gain changing mean Ill 4 to the first and second coefficient circuits Ill 12 and III 15 in the feed forward signal 
operating means III, and the four coefficient circuits Ul^ t III23. Hljp. and m 27 in the feedback signal operating 
means lll 2 and serve as those for the signals 8, 6, y, y, and y, respectively. 

Unlike the conventional control system drawback caused by using as feedback and feed forward signals 
the signals obtained by multiplying the signals for variables representing vehicle behaviors and the steering 

35 angle signals with coefficients after the road conditions and sensor operating states are detected, the fol- 
lowing operation errors can be prevented according to the present invention. These errors occur as follows. 
The vehicle behavior detection sensor erroneously detects that vehicle vibrations are not caused by vehicle 
motion but by the bumps or the like of the road surface. However, the vibration detection signal is used as 
if it is generated by vehicle motion, and therefore, the detection signal is used for feed forward or feedback 

40 control. In addition, an abnormal signal generated by sensor failures or the like is used for feed forward or 
feedback control to cause the operation errors in the steering control system. The above drawbacks can 
be completely eliminated from the apparatus of this embodiment. In addition to the steering control effect 
of the fourth embodiment, the apparatus of the fifth embodiment can perform a safer and more reliable con- 
trol operation. 

45 

Claims 

1 An apparatus for controlling steering of wheels of a vehicle, comprising : a steering sensor (I) for 
50 detecting a steering angle of a steering wheel ; 

a vehicle behavior sensor (II) for detecting variables representing vehicle behaviors ; 

control means (III) comprising feed forward signal operating means (1110 provided with a steering angle 
signal circuit for transmitting, without modifications, a steering angle signal output from said steering 
sensor, characterized in that there are provided further means as follows : 
55 a steering angle signal operating circuit (lll 13 ) having a first coefficient circuit (III 12 ) for multiplying the 
steering angle signal with a coefficient, 

a steering angular velocity signal operating circuit (III 1fl ) having a differentiator (lll 14 ) for calculating a 
steering angular velocity signal from the steering angle signal and a second coefficient circuit (lll 15 ) for mul- 
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tiplylng the steering angular velocity signal with a coefficient, and an adder (Ill 17 ) for adding signals output 
from said steering angle signal circuit, said steering angle signal operating circuit, and said steering angular 
velocity signal operating circuit to output a sum signal, the sum singal being output as a feed forward signal, 
feedback signal operating means (II U provided with a vehicle behavior state variable signal operating circuit 
5 (IH22) having a third coefficient circuit (lll 2 i) for multiplying with a coefficient the signals for variables repre- 
senting vehicle behaviors and outputfrom said vehicle behavior sensor, said vehicle behavior state variable 
signal operating circuit outputting a signal as a feedback signal, and 

control signal operating means (I ll 3 ) provided with an adder/substractor (III31) for calculating a difference 
or a sum of signals outputfrom said feed forward signal operating means and said feedback signal operating 
10 means and for outputting a steering control signal ; 

driving means (IV) for amplifying a power of the steering control signal as an ouput from said control 
means ; and actuator means (V) for applying an optimal steering angle of eitherfront or rear wheels or both 
on the basis of an outputfrom said driving means. 

2. An apparatus according to claim 1 , further comprising a vehicle state detection sensor (VI) for detect- 
15 ing vehicle travel state variable with the vehicle travel, wherein said control means (III) comprises gain 

changing means (lli 4 ), connected to said vehicle state detection sensor (VI) and said first coefficient circuit 
(Nl t 2). for changing the coefficient of said first coefficient circuit (lll 12 ) on the basis of the signals for vehicle 
travel state variable with the vehicle travel output from said vehicle state detection sensor (VI). 

3. An apparatus according to claim 2, further comprising an outside environmental situation detection 
20 sensor (Vll)for detecting state variables representing outside environmental situations, wherein said control 

means comprises gain changing means (lll 4 ), connected to said vehicle state detection sensor (VI) and/or 
said outside environmental situation detection sensor (VII) and said first coefficient circuit (III12) for changing 
the coefficient of said first coefficient circuit (1II 12 ) on the basis of the signals for vehicle travel state variables 
with the vehicle travel and output from said vehicle state detection sensor (VI) and/or signals for state vari- 
25 ables reprsenting outside environmental situations and output from said outside environmental situation 
detection sensor(Vll). 

4. An apparatus according to claim 3, wherein said gain changing means (III 4 ) comprises gain changing 
means, connected to said first and second coefficient circuits (IH 12 , Wis) on the basis of the signals for vehicle 
travel state variable with the vehicle travel and output from said vehicle state detection sensor (VI) and/or 

30 the signals for state variables representing the outside environmental situations and ouput from said outside 
environmental situation detection sensor (VII). 

5. An apparatus according to claim 4, wherein said gain changing means (ll 4 ) comprises gain changing 
means, connected to said first, second, and third coefficient circuits (lll 12 , Ilh* HI 2 i), for changing the coef- 
ficients of said first, second, and third coefficient circuits on the basis of the signals for vehicle travel state 

35 variable with the vehicle travel and output from said vehicle state detection sensor (VI) and/or the signals 
for state variables representing the outside environmental situations and outputfrom said outside environ- 
mental situation detection sensor (VII). 

6. An apparatus according to claim 5, wherein said gain changing means (III 4 ) comprises gain changing 
means, connected to said vehicle state detection sensor (VI) and/or said outside environmental situation 

40 detection sensor (VII) and said steering sensor (I) and/or said steering angular velocity signal operating cir- 
cuit (III 16 ), for changing the coefficient of at least one of said coefficient circuits (lll 12 , Hl 16 , U! 21 ) on the basis 
of signals for vehicle travel state variabel with the vehicle travel and outputfrom said vehicle state detection 
sensor (VI) and/or the signals for state variables representing the outside environmental situations and out- 
put from said outside environmental state detection sensor (VII) and the steering angle signal form siad 

45 steering sensor (I) and/or the steering angular velocity signal outputfrom said steering angular velocity sig- 
nal operating circuit (III 16 ). 

7. An apparatus according to claim 5, wherein said gain changing means (III 4 ) comprises gain changing 
means, connected to said vehicle state detection sensor (VI) and/or said outside environmental situation 
sensor (VII), said steering sensor (I) and/or said steering angular velocity signal operating circuit (lll 16 ), and 

so said vehicle behavior sensor (II), for changing the coefficient of at least one of said coefficient circuits (III 12 , 
HI 15 , lll 21 ) on the basis of the signals for vehicle travel state variable with the vehicle travel and output from 
said vehicle state detection sensor (VI) and/or the signals for state variable representing outside environ 
mental situations, the steering angle signal from said steering sensor (I) and/or the steering angular velocity 
signal from said steering angular velocity signal operating circuit (lll 1fi ), and the signals for variables repre- 
ss senting the vehicle behaviors and output from said vehicle behavior sensor (II). 

8. An apparatus according to claim 3 or 7, wherein said gain changing means (lll 4 ) comprises : 
sense-of-situation determining means (lll 41 ) for determining a current I vel of a vehicle situation with 

reference to human senses on the basis of at (east on of the signals for v hide travel state variabl with 
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the v hide trav I and utput from said vehicle state detection sensor (VI), the signals for state variables 
representing the outside environmental situations and output from said outside environmental situation 
detection sensor (VII), the steering angle signal output from said steering sensor (I), the steering angular 
velocity signal outptutfrom said steering angular velocity signal circuit (lll 16 ), and the signals for variables 
5 representing the vehicle behaviors and outptut from said vehicle behavior sensor (II) ; 

vehicle state determining means (III42) for determining necessity of stability and controllability by using 
functions for replacing outputs from said sense-of-situation determining means (liUi) into the necessity of 
stability and controllability ; and 

gain deciding means (III43) for deciding gains from output values from said vehicle state determining 
10 means (IH42) and outputting the gains to said coefficient circuits. 

9. An apparatus according to claim 8, wherein said gain deciding means (III43) In said gain changing 
means comprises : 

a memory (III44) for calculating gain values for optimizing vehicle motion in a state of the necessity of 
stability and controllability and for storing calculated results ; and 
15 a gain selector (III45) for selecting the gains by selecting the gain values calculated in the state of the 
necessity of stability and controllability from said memory (lll«), on the basis of the determination result from 
said vehicle state determining means (III42). 

10. An apparatus according to claim 8, wherein said gain deciding means (III43) in said gain changing 
means comprises a memory (III44) for storing a stability priority gain for increasing vehicle stabiity and a 

20 response priority gain for increasing the vehicle response, and again calculation section (II Ue) for weighting 
these two gains on the basis of the determination value from said vehicle state determining means (III42) 
and calculating gains suitable for the current situation. 

11. An apparatus according to claim 2, wherein said gain changing means (III*) comprises : 
vehicle behavior state variable estimating means (lfl 41 ) for estimating the variables representing vehicle 

25 behaviors on the basis of the steering angle signal output from said steering sensor (I) and the signals for 
vehicle travel state variable with the vehicle travel and output from said vehicle state detection sensor (VI); 

H estimating means (NI42) for estimating a friction value between the vehicle wheels and the road 
surface on the basis of a vehicle behavior state behavior state variable estimating means (lll 41 ) and the sig- 
nals for variables representing the vehicle behaviors and output from said vehicle behavior sensor (II) ; and 

30 coefficient circuit coefficent changing means (III43) for changing the coefficient of at least one of said first, 
second, and third coefficient circuits (lll 12 , Mi* Hfei) on the basis of an estimated p, signal output from said 
H estimating means (III42), an optimal gain being supplied to said at least one of said first, second, and third 
coefficient circuits. 

12. An apparatus according to claim 2, wherein said gain changing means (IH4) comprises : means (II I 41 ) 
35 for estimating the variables representing the vehicle behaviors on the basis of the steering control signal 

output from said control signal operating means (lll 3 ) and the signals for vehicle travel state and output from 
said vehicle state detection sensor (VI) ; 

H estimating means <M 42 ) for estimating a friction value on the basis of the signals for estimating the 
state variables being output from said state variable estimating means (HI41) and the signals for variables 
40 representing vehicle behaviors and output from said vehicle behavior sensor (II) ; 

slip ratio calculating means (IIU) for calculating slip ratios of the vehicle wheels on the basis of the sig- 
nals for vehicle travel state and output from said vehicle state detection sensor (VI) and vehicle wheel veloci- 
ties, 

road surface shape estimating means (III45) for estimating road surface shapes on the basis of the slg- 
45 nals for vehicle travel variables with the vehicle travel and output form said vehicle state detection sensor 
(VI), and/or the sensor abnormality detecting means (lll^) for detecting abnormalities of said steering sensor 
(I), said vehicle behavior sensor (II), and said vehicle state detection sensor (VI) ; and 

coefficient circuit coefficient changing means (III43) for changing the coefficient of at least one of said 
first, second, and third coefficient circuits (II l 12 , Wis, IH21) on the basis of an estimated \i signal output from 
so said \x estimating means (III42), and said slip ratio signals, said road surface shape signals and/or said sensor 
abnormality detection signals. 



Anspruche 

1 . Steuervorrich tung fur das Lenken der RSder eines Fahrzeugs, mit einem Lenksensor (I) zum Detek- 
tieren eines Lenkwinkels eines Lenkrades, mit einem Sensor (II) fur das Verhalten des Fahrzeugs zum 
Detektieren von Variablen, welche das Verhalten des Fahrzeugs wiedergeben, mit Steuermitteln (III), wel- 
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che eine Miikopplungsslgnal-Operationseinrichtung (I HO umfassen, die mit einer Lenkwinkei-Signalgabe- 
schaltung (llln) ausgestattet 1st, urn ohn Ver&nderungen ein Lenkwinkelsignal zu Qbertragen, welches von 
dem Lenk-Sensor ausgegeben wlrd, dadurch gekennzeichnet, da& die folgenden welteren Einrichtungen 
vorgesehen sind : 

eine Lenkwinkelsignai-Operatlonsschaltung (lll 13 ) mit einer ersten Koeffizientenschaltung (lll 12 ) zum 
Muitiplizieren des Lenkwinkelsignals mit einem Koeffizienten, eine Lenkwinkel-Geschwindigkeitssignal- 
Operationsschaltung (i!I 1Q ) mit einer Differenzierschaltung (lil u ) zum Berechnen eines Lenkwinkel- 
Geschwlndlgkeitssignals aus dem Lenkwinkelsignal und mit einer zweiten Koeffizientenschaltung (!II 16 } 
zum Muitiplizieren des Lenkwinkel-Geschwindigkeitssignals mit einem Koeffizienten und eine Addierstufe 
(1 1 1 17 ) zum Addieren der Signale, die von der Lenkwinkelsignaischaltung, der Lenkwinkels ignal-Operations- 
schaltung und der Lenkwinkel-GeschwindigkeitssignalOperationsschaltung abgegeben wurden, urn ein 
Summensignal abzugeben, wobei das Summensignal als ein Mltkopplungsslgnal ausgegeben wird, eine 
RQckkoppIungssignal-Operationseinrichtung (lll 2 ), die mit einer Operationsschaltung (III22) fur ein den 
Zustand des Fahrzeugverhaitens angebendes variables Signal ausgestattet 1st, welche eine dritte Koeffi- 
zientenschaltung (NI21) enthSIt, urn die Signale fur die Variablen mit einem Koeffizienten zu muitiplizieren, 
welche die verschiedenen Fahrzeugsverhaiten wiedergeben und von dem Sensor fur das Fahrzeugverhal- 
ten ausgegeben werden, wobei die Operationsschaltung fur das variable Signal entsprechend dem Zustand 
des Fahrzeugverhaitens ein Signal als Ruckkopplungssignal ausgibt, und eineSteuersignal-Operationseln- 
richtung (III3), die mit einem Addierer/Subtrahierer (Hl 31 ) ausgestattet ist t urn eine Differenz Oder eine 
Summe der Signale zu berechnen, die von der Operationseinrichtungfurdas Mitkopplungssignal und die 
Operationseinrichtung fur das Ruckkopplungssignal ausgegeben wurden und urn ein Lenksteuersigna! aus- 
zugeben, eine Treibereinrichtung (IV) zum Verstarken der Energie des Lenksteuersignals in Form einer 
Ausgangsgro&e der Steuereinrichtung, und eine Betatigungselnrichtung (V), urn einen optimafen Lenkwin- 
kel fur enfweder die Vorderrader oder die Heckrader Oder fur beide auf der Grundlage der Ausgangsgro Be 
der Treibereinrichtung einzustellen. 

2. Steuervorrichtung nach Anspruch 1, gekennzeichnet durch einen den Fahrzeugzustand feststellen- 
den Sensor (VI) zum Detektieren einer Variablen entsprechend dem Fahrzustand des Fahrzeugs, wenn das 
Fahrzeug fahrt, wobei die Steuereinrichtung (III) eine Einrichtung (lll 4 ) zur Veranderung der Verstarkung 
enthait, die mit dem Sensor (VI) fQr die Feststellung das Fahrzeugzustandes und der ersten Koeffizienten- 
schaltung (lll 12 ) verbunden ist, umden Koeffizienten der ersten Koeffizientenschaltung (lll 12 ) auf der Grund- 
lage der Signale fur den Fahrzeugfahrzustand zu verandern, die sich bei fahrendem Fahrzeug 
entsprechend der Ausgangsgr5&e des Sensors (VI) fur die Feststellung des Fahrzeugzustands verandern. 

3. Steuervorrichtung nach Anspruch 2, dadurch gekennzeichnet daft ein Sensors (VII) fur die Fest- 
stellung der auSeren Umgebungsbedingung vorgesehen ist, um Zustandsvariable, welche die au&eren 
Umgebungssituationen wiedergeben, zu detektieren, wobei die Steuereinrichtung Mittel (IIU) zur Verande- 
aing der Verstarkung enthait, die mit dem Sensor (VI) zum Detektieren des Fahrzeugzustands verbunden 
sind und/oder mit dem Sensor (VII) zum Detektieren der au&eren Umgebungssituation und der ersten Koef- 
fizientenschaltung (lll 12 ) verbunden sind, um den Koeffizienten der ersten Koeffizientenschaltung (III 12 ) auf 
der Grundlage der Signale fQr die Fahrzeugfahrzustands-Variablen bei fahrendem Fahrzeug zu verandern 
und welche von dem Fahrzeugzustands-Sensor (VI) ausgegeben werden und/oder auf der Grundlage der 
Signale fur die Zustandsvariabien, welche SuEere Umgebungssituationen wiedergeben und von dem Sen- 
sor (VII) zum Feststelien der au&eren Umgebungssituation ausgegeben werden. 

4. Steuervorrichtung nach Anspruch 3, dadurch gekennzeichnet, da& die Mittel (lll 4 ) zur Veranderung 
der Verstirkung eine Verstarkungsanderungseinrichtung umfassen, die mit der ersten und der zweiten 
Koeffizientenschaltung (lll 12 . HI15) auf der Grundlage der Signale fur die Fahrzeugfahrzustands-Variable bei 
fahrendem Fahrzeug verbunden ist und welche von dem Sensor (VI) fur die Feststellung des Fahrzeugzu- 
stands ausgegeben werden und/oder auf der Grundlage der Signale fur die Zustandsvariabien, welche die 
Su&eren Umgebungssituationen wiedergeben und von dem Sensor (VII) fur die au&ere Umgebungssitua- 
tion abgegeben werden. 

5. Steuervorrichtung nach Anspruch 4, dadurch gekennzeichnet, da& die Mittel (lll 4 ) zur Anderung der 
Verst5rkung eine Verstarkungsinderungsein- richtung umfassen, die mit der ersten, zweiten und dritten 
Koeffizientenschaltung (III12, W15, W21) verbunden sind, um die Koeffizienten der ersten, zweiten und dritten 
Koeffizientenschaltung auf der Grundlage der Signale fur die Fahrzeugfahrzustands-Variable bei fahren- 
dem Fahrzeug zu indern, die von dem S nsor (VI) fur den Fahrzeugzustand ausgegeben werden und/oder 
auf der Grundlage der Signale fQr die Zustandsvariabien, welche die au&eren Umgebungssituationen bzw. 
Bedingungen wiedergeben und von dem Sensor (VII) fur die au&ere Umgebungsbedingung ausgegeben 
werden. 

6. Steuervorrichtung nach Anspruch 5, dadurch gek nnzeichnet, da& die Mittel (IIU) zur Anderung der 
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VerstSrkung eine VerstarkungsSndeiungsvorrichtung umfassen, die mit dem Sensor (VI) fur di FestStel- 
tung des Fahrzeugzustands und/oder dem Sensor (VII) zur Feststellung der au&eren Umgebungsbedin- 
gung und/oder der Lenkwinkelg schwindigkeltssignal-Operationsschaltung (llli 6 ) verbunden 1st, urn den 
Koeffizienten von w nlgst ns elner der Ko ffizientenschaltungen (lll 12 , lll 16 , M21) auf der Grundlage der 
Slgnale fQr die Fahrzeugfahrzustand-Variabl bel fahrendem Fahrz ug zu Sndem, die von dem Sensor (VI) 
fur die Feststellung des Fahrzeugzustands ausgegeben werden und/oder auf der Grundlage der Signaie 
fur die Zustandsvariablen, welche die Su&eren Umgebungsbedingungen wiedergeben und von dem Sensor 
(VII) fur die Feststellung der Su&eren Umgebungsbedingung ausgegeben wurden und auf der Grundlage 
des Lenkwinkelsignals des Lenksensors (I) und/oder des Lenkwinkel-Geschwindigkeitssignals, welches 
von der Lenkwinkelgeschwindigkeitsslgnal-Operationsschaltung (lll 16 ) ausgegeben wurde. 

7. Steuervorrichtung nach Anspruch 5, dadurch gekennzeichnet, da& die Mittel (lll 4 ) zur Andewng der 
VerstSricung elne Verstarkungs§nderungsvorrichtung umfassen, die mit dem Sensor (VI) fQr die Feststel- 
lung des Fahrzeugzustands und/oder dem Sensor (VII) fur die Feststellung der Su&eren Umgebungsbe- 
dingung, dem Lenksensor (I) und/oder der Lenkwinkelgeschwindigkeitssignai^Operationsschaltung (lll 16 ) 
und dem Sensor (II) fQr das Fahizeugverhalten verbunden ist, urn den Koeffizienten von wenigstens einer 
der Koeffizientenschaltungen (lll 12 , M15. W21) auf der Grundlage der Signaie fQr den Fahrzeugfahrzustand 
zu verandem, die mit der Fahrt des Fahrzeugs veranderiich sind und von dem Sensor (VI) fur die Feststel- 
lung des Fahrzeugzustands ausgegeben werden und/oder auf der Grundlage der Signaie fQr die Zustands- 
variable, welche die Su&eren Umgebungsbedingungen wiedergeben, des Lenkwinkelsignals des 
Lenk-Sensors (I) und/oder des Lenkwinkel-Geschwindigkeitssignals von der Lenkwlnkelgeschwindigkeits- 
signai-Operationsschaltung (lll 10 ) und den Signalen fQr die Variablen, welche das Fahrzeugverhalten wie- 
dergeben und von dem Sensor (II) fur das Fahrzeugverhalten ausgegeben werden. 

8. Steuervorrichtung nach Anspruch 3 oder 7, dadurch gekennzeichnet, daft die Mittel (Ill 4 ) zur Ande- 
rung der VerstSricung folgendes enthalten : 

eine Einrichtung (IIUO zum Bestimmen der Feststellung einer Situation oder Bedingung zur Bestim- 
mung eines laufenden Wertes einer Fahrzeugbedingung oder Situation unter Bezugnahme auf menschiiche 
Wahmehmungen auf der Grundlage des letzten einen Signals fQr den Fahrzeugfahrzustand, welchersich 
mit der Fahrt des Fahrzeugs verSndert und von dem Sensor (VI) fQr die Feststellung des Fahrzeugzustands 
ausgegeben wurde, auf der Grundlage der Signaie fur die Zustandsvariablen, welche die Su&eren Umge- 
bungsbedingungen und Situationen wiedergeben und von dem Sensor (VII) fur die Feststellung der Su&eren 
Umgebungsbedingung ausgegeben wurden, auf der Grundlage des Lenkwinkelsignals, welches von dem 
Lenksensor (!) abgegeben wurde, des Lenkwinkelgeschwindigkeitssignals, welches von der Lenkwinkel- 
geschwlndigkeitssignaischaltung(lll 16 ) ausgegeben wurde, und auf der Grundlage der Signaie fur die Varia- 
blen, welche die Fahrzeugverhaltensweisen wiedergeben und von dem Sensor (II) fQr die Feststellung der 
Fahrzeugverhaltensweise ausgegeben wurden, eine den Fahrzeugzustand bestimmende Einrichtung (IN42) 
zum Bestimmen der Notwendigkeit einer StabilitSt und Steuerbarkeit unter Verwendung von Funktionen 
zum Ereetzen von Ausgangsgro&en aus der Einrichtung (III41) zum Bestimmen der Situationserfassung mit 
solchen der Notwendigkeit der StabilitSt und der Steuerbarkeit, und eine VerstSrkungsbestJmmungseinrich- 
tung (III43) zum Bestimmen von Verstarkungswerten fur die Ausgangswerte der Fahrzeugzustand-Bestim- 
mungseinrichtung (III42) und zum Ausgeben der Verstarkungswerte an die Koeffizientenschaltungen. 

9. Steuervorrichtung nach Anspruch 8, dadurch gekennzeichnet, da& die VerstSrkungsbestimmungs- 
einrichtung (III43) in der VerstSrkungsSnderungseinrichtung folgendes enthSit : 

eine Speichereinrlchtung (III44) zum Berechnen von Verstarkungswerten zur Optimierung der Fahr- 
zeugbewegung in einem Zustand der Notwendigkeit der StabilitSt und der Steuerbarkeit und zum Speichem 
der berechneten Ergebnisse, und einen VerstSrkungswShler (IIUb) zum AuswShlen der VerstSrkungen 
durch AuswShlen der Verstarkungswerte aus der Speichereinrichtung (III44). die im Zustand der Notwen- 
digkeit der StabilitSt und Steuerbarkeit berechnet wurden, auf der Grundlage des Bestimmungsergebnisses 
der Fahrzeugzustand-Bestimmungseinrichtung (III42). 

10. Steuervorrichtung nach Anspruch 8, dadurch gekennzeichnet, da& die VerstSrkung s-Bestim- 
mungseinrichtung (IIU3) in der VerstSrkungsSndenjngseinrichtung einen Speicher (III44) zum Speichern 
einer StabilitSts-PrioritStsverstSrkung enthSit, urn die FahrzeugstabilitSt zu erhohen und urn eine Ansprech- 
PrioritStsveretarkung zum Erhohen des Fahrzeugansprechverhaltens zu speichem, und einen VerstSr- 
kungsberechnungsabschnitt (IlUe) enthSit, urn die zwei VerstSrkungswerte auf der Grundlage des 
Bestimmungswertes der Fahrzeugzustand-Bestimmungseinrichtung (III42) zu wichten und urn VerstSr- 
kungswerte zu berechnen, die fQr die laufende Situation geeignet sind. 

11. Steuervomchtung nach Anspruch 2, dadurch gekennzeichnet, da& die VerstSrkungsSnderungs- 
einrichtung (III4) folgendes enthSit : eine SchStzeinrichtung (III41) fur den variablen Fahrzeugverhaitenszu- 
stand zum SchStzen der Variablen, welche die Fahrzeugverhaltensw isen wiedergeben, und zwar auf der 
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Grundlage des Lenkwinkelsignals, welches von dem Lenksensor (I) ausgegeben wurde, imd auf der Grund- 
lage der Signale fOr den Fahrzeugfahrzustand, die mit der Fahrt des Fahrzeugs variabel sind und von dem 
Sensor (VI) fa r die Erfassung des Fahizeugzustands ausgegeben wurden, eine n-Schatzeinrichtung (III42) 
zum SchStzen eines Reibungsbeiwertes (n) zwischen d n Fahrzeugradern und der Stra&enoberflache 

5 unter Verwendung der SchStzelnrichlung 0!l 4i ) fOr den variablen Fahrzeugverhaltenszustand und auf der 
Grundlage der Signale f Or die Variablen , welche die Fahrzeug verhaltensweise n wiedergeben und von dem 
Sen sor (II) fur das Fahrzeugverhalten ausgegeben wurden, und eine Koeffizientenanderungseinrichtung 
(III43) fQr die Koeffizientenschaltung zum Andern des Koeffizienten von wenigstens elner derereten, zwelten 
und dritten KoefRzientenschaltungen (lll 12 , M15, III21) auf der Grundlage eines geschStzten n-SIgnals, wel- 

10 ches von der prSchatzeinrichtung (IH42) ausgegeben wurde, wobei ein optimaler Verstarkungswert zu der 
genannten wenigstens einen ersten, zweiten und dritten Koeffizientenschaltung ubertragen wird. 

12. Steuervorrichtung nach Anspruch 2. dadurch gekennzolchnet. da& die Verstarkungsanderungs- 
einrichtung (lll 4 ) folgendes enthSIt : Mittel (lll 41 ) zum Schatzen der Variablen, welche die Fahrzeugverhal- 
tensweisen wiedergeben, auf der Grundlage des Lenksteuersignals, welches von der 

15 Steuereignal-Operationseinrichtung (III3) ausgegeben wurde und auf der Grundlage der Signale fur den 
Fahrzeugfahrzustand, die von dem Sensor (VI) fur die Feststellung des Fahrzeugzustandes ausgegeben 
wurden, eine n-Schatzeinrichtung (IIU2) zum Schatzen eines Reibungsbeiwertes auf der Grundlage der 
Signale zum Schatzen derZustandsvariablen, die von der Schatzeinrichtung (l!! 41 ) fQr die Zustandsvariable 
ausgegeben wurden und auf der Grundlage der Signale fQr die Variablen, welche die Fahrzeugverhaltens- 

20 weisen wiedergeben und von dem Sensor (II) fQr das Fahrzeugverhalten ausgegeben wurden, eine Schiupf- 
verhaitnis-Berechnungseinrichtung (III44) zum Berechnen der Schlupfverhaltnisse der Fahrzeugrader auf 
der Grundlage der Signale fur den Fahrzeugfahrzustand, die von dem Sensor (V!) fur die Feststellung des 
Fahrzeugzustands ausgegeben wurden und auf der Grundlage der Raddrehzahlen des Fahrzeugs, eine 
Schatzeinrichtung (III46) fQr die Straaenoberflachengestalt, urn Strafcenoberflachengestalten auf der Grund- 

25 lage der Signale fQr die Fahizeugfahr-Variablen bei fahrendem Fahrzeug zu schatzen, die von dem Sensor 
(VI) fur die Feststellung des Fahrzeugzustands ausgegeben wurden und/oder eine Detektoreinrichtung 
(like) fQr eine Sensor-Regelwidrigkeit, urn Abweichungen Oder Regelwidrigkeiten des Lenksensors (I), des 
Sensors (II) fur das Fahrzeugverhalten und des Sensors (VI) fQr die Feststellung des Fahrzeugzustands 
festzustellen, und eine Koeffizientenanderungseinrichtung (II Ua) fur die Koeffizientenschaltung, urn den 

30 Koeffizienten von wenigstens einer der ersten, zweiten und dritten Koeffizientenschaltung (III t2 , IH 1S . M21) 
auf der Grundlage eines geschatzten ^-Signals, welches von der ^-Schatzeinrichtung (III42) abgegeben 
wurde, der Schlupfverhaltnissignaie, der StraSenoberflachengestaltSignale und/oder der Sensonregelwi- 
drigkeit-Feststellsignale zu andern. 

35 

Revendicatlons 

1. Dispositif de commande du braquage des roues d'un v6hicule comprenant : 

- un capteur de braquage (I) pour d6tecter I'angle de braquage d'un volant de braquage ; 

40 - un capteur de comportement du v6hicule (II) pour d6tecter des variables repr^sentant des compor- 
tements du vShicule ; 

- des moyens de commande (III) comprenant des moyens d'exploltation d'un signal d'action (IIIO munis 
d'un circuit de signal d'angle de braquage pourtransmettre, sans modification, un signal d'angle de 
braquage issu dudit capteur de braquage, caract6ris6 en ce que les moyens suppldmentaires sulvants sont 

45 pr6vus : 

- un circuit d'exploltation du signal d'angle de braquage (lll 13 ), comportant un premier circuit de facteur 
(IH12) pour multiplier le signal d'angle de braquage par un certain facteur ; 

- un circuit d'exploitatlon d'un signal de Vitesse angulaire de braquage (lll 16 ), comportant un diff6ren- 
tiateur (lll 14 ) pour calculer un signal de vitesse angulaire de braquage & partir du signal d'angle de braquage, 

so et un second circuit de facteur (III 15) pour multiplier le signal de vitesse angulaire de braquage par un certain 
facteur, et un additlonneur (III 17 ) pour additionner les signaux issus du circuit de signal d'angle de braquage, 
du circuit d' xploitatfon du signal d'angle de braquage, et du circuit d'exploitation du signal de vitesse angu- 
laire de braquage, pour produlre un signal somme, le signal somme 6tant produit comma signal d'action, 
des moyens d'exploitation d'un signal de retroaction (\\\^ munis d'un circuit d'exploitatlon (III22) du signal 

55 de variable d'gtat de comportement du v£hicule f comportant un troisi&me circuit de facteur (lll 2 i) pour mul- 
tiplier par un certain facteur les signaux correspondant aux variables repr£sentant des comportements du 
v£hicule et issus dudit capteur de comportement du v£hlcule, ce circuit d'exploitation du signal de variable 
d'6tat de comportement du v6hicule produisant un signal comme signal de retroaction ; et 
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- des moyens Sexploitation du signal de commande (lll 3 ) munis d'un additlonneur/soustracteur (III 31 ) 
pour calcul r une difference ou une somme de signaux issus des moyens d'exploitatlon du signal d'action 
et des moyens d'exploitatlon du signal de retroaction, et pour produire un signal de commande de braquage; 

- des moyens d'attaque (IV) pour amplifier la puissance du signal de commande de braquage comme 
5 sorti desdits moyens de commande, et des moyens d'actionnement (V) pour appliquer un angl de bra- 
quage optimum des roues avant ou arrtere ou des deux, sur la base d'une sortie desdits moyens d'attaque. 

2. Dispositif conforme & la revendication 1, comprenant de plus un capteur de detection de I'etat du 
vehicuie (VI) pour detecter I'etat de deplacement du v6hicu!e, variable avec le defacement du v6hicule, 
dans lequel lesdits moyens de commands (III) comprennent des moyens de changement du gain (II l 4 ), relics 

10 au capteur de detection de I'etat du vehicuie (VI) et audit premier circuit de facteur (lll 12 ) pour changer le 
facteur dudit premier circuit de facteur (lll 12 ) sur la base des signaux d'etat de defacement du vehicuie, 
variables avec le defacement du vehicuie, issus dudit capteur de detection de I'etat du vehicuie (VI). 

3. Dispositif conforme d la revendication 2, comprenant de plus un capteur de detection (VII) de la situa- 
tion de I'environnement exterieur pour detecter les variables d'etat repr6sentant les situations de I'environ- 

is nement exterieur, dans lequel lesdits moyens de commande comprennent des moyens de changement du 
gain (IIU), relies au capteur de detection de I'etat du vehicuie (VI) et/ou au capteur de detection (VII) de la 
situation de I'environnement exterieur et au circuit de premier facteur (l)I 12 ) pour changer le facteur dudit 
circuit de premier facteur (lll 12 ) sur la base des signaux d'etat de defacement du vehicuie, variables avec 
le deplacement du vehicuie et issus dudit capteur (VI) de detection de I'etat du vehicuie et/ou des signaux 

20 de variables d'etat representant les situations d'enviro nnement exterieur et issus dudit capteur de detection 
(VII) de la situation de I'environnement exterieur. 

4. Dispositif conforme £ la revendication 3, dans lequel les moyens (lll 4 ) de changement du gain 
comprennent des moyens de changement du gain, relies auxdits premier et second circuits de facteur (I ll 12 
Wis), sur la base des signaux d'etat de deplacement du vehicuie, variables avec le deplacement du vehicuie 

25 et issus dudit capteur (VI) de detection de I'etat du vehicuie, et/ou des signaux des variables d'etat repre- 
sentant les situations d'environnement exterieur et issus dudit capteur de detection (VII) de la situation de 
i'environnement exterieur. 

5. Dispositif conforme & la revendication 4, dans lequel les moyens (III 4 ) de changement du gain 
comprennent des moyens de changement du gain relies auxdits premier, second et troisfeme circuits de 

30 facteur (lll 12 IN15 HI21) pour changer les facteurs desdits premier, second et troisfeme circuits de facteur, sur 
la base des signaux d'etat de deplacement du vehicuie, variables avec le defacement du vehicuie et issus 
dudit capteur (VI) de detection de I'etat du vehicuie, et/ou des signaux des variables d'etat representant 
les situations d'environnement exterieur et Issus dudit capteur de detection (VII) de la situation de I'envi- 
ronnement exterieur. 

35 6. Dispositif conforme & la revendication 5, dans lequel les moyens (IIU) de changement du gain 
comprennent des moyens de changement du gain relies au capteur (VI) de detection de I'etat du vehicuie, 
et/ou au capteur (VII) de detection de la situation de I'environnement exterieur et au capteur de braquage 

(I) et/ou au circuit (lll 16 ) d'exploitatlon du signal de vitesse angulaire de braquage pour changer le facteur 
d'au moins run des circuits de facteur (ill 12 HI15 III21) sur la base des signaux d'etat de defacement du v6hi- 

40 cuie, variables avec le defacement du vehicuie et issus dudit capteur (VI) de detection de i'etat du vehicuie, 
et/ou des signaux des variables d'etat representant les situations d'environnement exterieur et issus dudit 
capteur de detection (VII) de I'etat de I'environnement exterieur, et du signal d'angie de braquage issu du 
capteur de braquage (I), et/ou du signal de vitesse angulaire de braquage issu du circuit d'exploitation (lllie) 
du signal de vitesse angulaire de braquage. 

45 7. Dispositif conforme & la revendication 5, dans lequel les moyens (IIU) de changement du gain 
comprennent des moyens de changement du gain relies au capteur (VI) de detection de I'etat du vehicuie, 
et/ou au capteur (VII) de situation de I'environnement exterieur, au capteur de braquage (I) et/ou au circuit 
(III 1fl ) d'exploitation du signal de vitesse angulaire de braquage et au capteur de comportement du vehicuie 

(II) pour changer le facteur d'au moins I'un des circuits de facteur (lll 12 III15 Hfei) sur la base des signaux 
so d'etat de deplacement du vehicuie, variables avec le defacement du vehicuie et issue dudit capteur (VI) 

de detection de I'etat du vehicuie, et/ou des signaux des variables d'etat representant ies situations d'envi- 
ronnement exterieur, du signal d'angie de braquage issu du capteur de braquage (I), et/ou du signal de 
vitesse angulaire de braquage issu du circuit d'exploitation (lil 16 ) du signal de vitesse angulaire de braquag t 
et d s signaux de variables representant les comportements du vehicuie et Issus dudit capteur (II) de 
55 comportement du vehicuie. 

8. Dispositif conforme & I'une des revendications 3 ou 7, dans I quel les moyens (III4) d changement 
du gain comprennent : 

- des moyens (III41) de determination du sens de la situation, pour determiner un etat actuel de la situa- 
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tion d'un vehicule par reference aux sens humains, surla base d'au molns Tun des signaux d'6tat de d6pla- 
cem nt du vehicule, variables av c le emplacement du vehicule et issus dudit capteur de detection de retat 
du vehicule (VI), des signaux des variables d'etat representant les situations d'envlronnement exterieur et 
issus dudlt capteur de detection (VII) de la situation de I'environnement exterieur, du signal d'angle de bra- 
5 quage Issu dudit capteur d braquage (I), du signal de vitess anguiaire de braquage issu du circuit (lll 18 ) 
du signal de vitesse anguiaire de braquage, et des signaux des variables representant les comportements 
du vehicule et issus dudit capteur de comportement du vehicule (II) ; 

- des moyens de determination de retat du vehicule (III42) pour determiner la n6cessit6 de stabilisation 
et de commande en utilisant desfonctions pour remplacer les sorties des moyens de determination du sens 

10 de la situation (III41) s'il y a necessity de stabilisation et de commande ; et 

- des moyens de choix du gain (III43), pour choisir les gains des valours de sortie desdits moyens (III42) 
de determination de I'etat du v6hicule, et sorb'r les gains vers lesdits circuits de facteur. 

9. Dispositif conforme k la revendication 8, dans lequel les moyens (III43) de choix du gain dans les 
moyens de changement du gain comprennent : 

is - une memoire (111**) pour calculer les valeurs de gain pour I'optimisation du mouvement du vehicule 
dans un 6tat de necessite de stabilisation et de commande, et pour mettre en memoire les r6sul tats calcul 6s ; 
et 

- un seiecteur de gains (UI45) pour choisir les gains en seiectlonnant les val eurs de gains calcuiees dans 
retat de necessite de stabilisation et de commande, k partir de la memoire (IN^), sur ia base du resuitat 

20 de la determination par les moyens (lll 42 ) de determination de I'etat du vehicule. 

10. Dispositif conforme & la revendication 8, dans lequel les moyens (III43) de choix du gain dans les 
moyens de changement du gain comprennent une memoire (HI44) pour stacker un gain de stability priorltaire 
pour augmenter ia stability du vehicule, et un gain de reponse prioritaire pour augmenter la reponse du vehi- 
cule, et une section de calcul du gain (IlUe) pour ponderer ces deux gains sur la base de la valeur determinee 

25 par les moyens de determination de retat du vehicule (III42) et calculer les gains adaptes k la situation 
actuelle. 

11. Dispositif conforme k la revendication 2, dans lequel les moyens de changement du gain (lll 4 ) 
comprennent : 

- des moyens d'estimation (III 41 ) des variables d'etat de comportement du vehicule, pour estimer les 
30 variables repr6sentant les comportements du vehicule sur la base du signal d'angle de braquage issu dudit 

capteur de braquage (I) et des signaux d'etat de defacement du vehicule, variables avec le d6placement 
du vehicule et issus dudit capteur (VI) de detection de retat du vehicule ; 

- des moyens d'estimation de n (MI42) pour estimer une valeur (n)du frottement entre les roues du vehi- 
cule et la surface de la route, sur la base des moyens d'estimation d'une variable d'etat du comportement 

35 du vehicule (lll 41 ) et des signaux des variables representant les comportements du vehicule, issus du cap- 
teur de comportement du vehicule (II) ; et des moyens (III43) de changement du facteur du circuit de facteur, 
pour changer le facteur d'au moins I'un desdits premier, second et troisieme circuits de facteur (lll 12 , 
III15.IH21). surla base d'un signal \x estime issu des moyens (lll 42 ) d'estimation de \l, un gain optimum etant 
foumi au moins audit premier, second ou troisieme circuit de facteur. 

40 12. Dispositif conforme k la revendication 2, dans lequel les moyens de changement du gain (lll 4 ) 
comprennent: 

- des moyens (III41) pour estimer les variables representant les comportements du vehicule sur la base 
du signal de commande de braquage issu des moyens (IH3) d'exploitation du signal de commande, etdes 
signaux d'etat de defacement du vehicule, issus dudit capteur de detection de I'etat du vehicule (VI) ; 

45 - des moyens d'estimation de \jl (\\\ i2 ) pour estimer une valeur de frottement sur la base des signaux 
d'estimation des variables d'etat issus desdits moyens (l!l 41 ) d'estimation de la variable d'etat et des signaux 
des variables representant les comportements du vehicule et issus dudit capteur (II) de comportement du 
vehicule ; 

- des moyens de calcul du coefficient de giissement (III44) pour calculer les coefficients de glissement 
50 des roues du vehicule surla base des signaux representant retat de defacement du vehicule et issus dudit 

capteur de detection de retat du vehicule (VI), et des vitesses des roues du vehicule ; 

- des moyens d'estimation de la forme de la surface de la route (III45) pour estimer les formes de la 
surface de la route, sur la base des signaux de defacement du vehicule, variables avec le defacement 
du vehicul et issus dudit capteur de detection de I'etat du vehicule (VI), et/ou des moyens (II Ue) d detection 

55 des anomalies des capteurs, pour detecter les anomalies dudit capteur de braquage (I), dudit capteur de 
comportement du vehicule (II), et dudlt capteur de detection de I'etat du vehicule (VI) ; et 

- des moyens de changement (III43) du facteur du circuit de facteur, pour changer I facteur d'au moins 
I'un desdits premier, second et troisieme circuits de facteur (lll 12 , Mis* HI21). sur |a base d'un signal \x estime 
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sortant des moyens (HI42) stlmation de n, et desdits signaux de coefficient de glissement, desdits slgnaux 
de form d la surface de la route, et/ou desdits slgnaux de detection des anomalies des capteurs. 
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